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ADVERTISEMENT. 


In connection with the system of meteorological observations established by 
the Smithsonian Institution about 1850, a series of meteorological tables was 
compiled by Dr. Arnold Guyot, at the request of Secretary Henry, and the 
first edition was published in 1852. Though primarily designed for meteoro- 
logical observers reporting to the Smithsonian Institution, the tables were so 
widely used by physicists that it seemed desirable to recast the work entirely. 
It was decided to publish three sets of tables, each representative of the latest 
knowledge in its field, and independent of one another, but forming a homo- 
geneous series. The first of the new series, Meteorological Tables, was 
published in 1893, the second, Geographical Tables, in 1894, and the third, 
Physical Tables, in 1896. In 1909 yet another volume was added, so that the 
series now comprises: Smithsonian Meteorological Tables, Smithsonian 
Geographical Tables, Smithsonian Physical Tables, and Smithsonian Mathe- 
matical Tables. 

The fourteen years which had elapsed in 1910 since the publication of the 
first edition of the Physical Tables, prepared by Professor Thomas Gray, 
had brought such changes in the material upon which the tables must be 
based that it became necessary to make a radical revision for the fifth and 
sixth revised editions published in 1910 and 1914. The latter edition was re- 
printed thrice. For the present seventh revision extended changes have been 
made with the inclusion of new data on old and new topics. 


CHarLtes D. WaALcoTT, 


Secretary of the Smithsonian Institution. 
June, I9T9. 


A4tISl 


PREPACE IO Vir REVISE DAE DITION 


The present edition of the Smithsonian Physical Tables entails a considerable 
enlargement. Besides the insertion of new data in the older tables, about 170 
new tables have been added. The scope of the tables has been broadened to 
include tables on astrophysics, meteorology, geochemistry, atomic and molecu- 
lar data, colloids, photography, etc. In the earlier revisions the insertion of 
new matter in a way to avoid renumbering the pages resulted in a somewhat 
illogical sequence of tables. This we have tried to remedy in the present edition 
by radically rearranging the tables; the sequence is now, — mathematical, me- 
chanical, acoustical, thermal, optical, electrical, etc. 

Many suggestions and data have been received: from the Bureau of Stand- 
ards, — including the revision of the magnetic, mechanical, and X-ray tables, 
—from the Coast and Geodetic Survey (magnetic data), the Naval Observ- 
atory, the Geophysical Laboratory, Department of Terrestrial Magnetism, etc.; 
from Messrs. Adams of the Mount Wilson Observatory, Adams of the Geo- 
physical Laboratory (compressibility tables), Anderson (mechanical tables), 
Dellinger, Hackh, Humphreys, Mees and Lovejoy of the Eastman Kodak Co. 
(photographic data), Miller (acoustical data), Van Orstrand, Russell of Prince- 
ton (astronomical tables), Saunders, Wherry and Lassen (crystal indices of 
refraction), White, Worthing and Forsythe and others of the Nela Research 
Laboratory, Zahm (aeronautical tables). To all these and others we are in- 
debted for valuable criticisms and data. We will ever be grateful for further 
criticisms, the notification of errors, and new data. 

FREDERICK E. FOWLE. 
ASTROPHYSICAL OBSERVATORY, 


SMITHSONIAN INSTITUTION, 
May, 1919. 
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Resistivity is the reciprocal of conductivity as just defined. The dimensional 
formulas: pi7T = ti: 


Self-inductance is for any circuit the electromotive force produced in it by 
unit rate of variation of the current through it. The dimensional formula is 
the product of the formulae for electromotive force and time divided by that 
for current or [M?*LiT—y? x T + M?L}T—y-] or [Ly]. 


Mutual Inductance of two circuits is the electromotive force produced in one 
_per unit rate of variation of the current in the other. The dimensional formula 
is the same as for self-inductance. 


Electric Field Intensity is the ratio of electric potential or electromotive force 
and length. The dimensional formula is (M?L?7T~p']. 


Magnetic Reluctance is the ratio of magnetic potential difference to magnetic 
flux. The dimensional formula is [Z~'w-']. 


Thermoelectric Power is measured by the ratio of electromotive force and 
temperature. The dimensional formula is [M?L'T~y0~']. 


Coefficient of Peltier Effect is measured by the ratio of the quantity of heat 
and quantity of electricity. The dimensional formula is [M L?T-?/M*Liyu-*] or 
[MiL?T—y*], the same as for electromotive force. 

Exs. — Find the factor required to convert intensity of magnetic field from ft.-grain-min. 
units to c.g.s. units. The formula is [mi/~2/y-4]; m = 0.0648, 1= 30.48, t= 60, and “=T; 
the factor is 0.06483 X 30.4874, or 0.046108. 

How many c.g.s. units of magnetic moment make one ft.-grain-sec. unit of the same quan- 
tity? The formula is [mil ut]; m = 0.0648, 1 = 30.48, f= 1, and w=1; the number is 
0.06482 X 30.483, Or 1305.6. : 

If the intensity of magnetization of a steel bar is 700 in c.g.s. units, what will it be in mm- 
mg-sec. units? The formula is [mil3t-ut]; m= 1000,]=10,¢=1, f#=1; the intensity is 
700 X 10003 X 10}, OF 70000. 


Find the factor required to convert current from c.g.s. units to earth-quadrant-1o ! gram- 


sec. units. The formula is [mit u-2]; m=104, 1=10°%, M=T; the factor is 10% X 10-3, 


or Io. 
Find the factor required to convert resistance expressed in c.g.s. units into the same expressed 


in earth-quadrant-1o™ gram-sec. units. The formula 1S [wi Pa mer, PS ay [GS UR ne 
factor is 10%. ; 


FUNDAMENTAL STANDARDS. 


The choice of the nature of the fundamental quantities already made does 
not sufficiently define the system for measurements. Some definite unit or 
arbitrarily chosen standard must next be taken for each of the fundamental 
quantities. This fundamental standard should have the qualities of perma- 
nence, reproducibility and availability and be suitable for accurate measures. 
Once chosen and made it is called the primary standard and is generally kept 
at some central bureau, —for instance, the International Bureau of Weights 
and Measures at Sevres, France. A primary standard may also be chosen and 
made for derived units (e.g., the international ohm standard), when it is simply 
a standard closely representing the unit and accepted for practical purposes, 
its value having been fixed by certain measuring processes. Secondary or refer- 
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possible of the complex relationships involving them. Further it seems desirable 
that the units should be extensive in nature. It has been found possible to 
express all measurable physical quantities in terms of five such units: rst, geo- 
metrical considerations — length, surface, etc., —lead to the need of a length; 
ond, kinematical considerations — velocity, acceleration, etc., —introduce time; 
3rd, mechanics — treating of masses instead of immaterial points — intro- 
duces matter with the need of a fundamental unit of mass; 4th, electrical, and 
sth, thermal considerations require two more such quantities. The discovery 
of new classes of phenomena may require further additions. 

As to the first three fundamental quantities, simplicity and good use sanction 
the choice of a length, L, a time interval, 7, anda mass, @. For the measure- 
ment of electrical quantities, good use has sanctioned two fundamental quan- 
tities, — the dielectric constant, K, the basis of the “electrostatic” system and 
the magnetic permeability, 4, the basis of the “electromagnetic” system. Besides 
these two systems involving electrical considerations, there is in common use a 
third one called the ‘international’? system which will be referred to later. For 
the fifth, or thermal fundamental unit, temperature is generally chosen.! 


Derived Units. — Having selected the fundamental or basic units, — namely, 
a measure of length, of time, of mass, of permeability or of the dielectric 
constant, and of temperature, — it remains to express all other units for physi- 
cal quantities in terms of these. Units depending on powers greater than unity 
of the basic units are called “derived units.”” Thus, the unit volume is the volume 
of a cube having each edge a unit of length. Suppose that the capacity of some 
volume is expressed in terms of the foot as fundamental unit and the volume 
number is wished when the yard is taken as the unit. The yard is three times 
as long as the foot and therefore the volume of a cube whose edge is a yard is 
3 X 3 X 3 times as great as that whose edge is a foot. Thus the given volume 
will contain only 1/27 as many units of volume when the yard is the unit of 
length as it will contain when the foot is the unit. To transform from the foot 
as old unit to the yard as new unit, the old volume number must be multiplied 
by 1/27, or by the ratio of the magnitude of the old to that of the new unit of 
volume. This is the same rule as already given, but it is usually more conven- 
ient to express the transformations in terms of the fundamental units directly. 
In the present case, since, with the method of measurement here adopted, a 
volume number is the cube of a length-number, the ratio of two units of volume 
is the cube of the ratio of the intrinsic values of the two units of length. Hence, 
if ] is the ratio of the magnitude of the old to that of the new unit of length, the 
ratio of the corresponding units of volume is /’. Similarly the ratio of two units 
of area would be /*, and so on for other quantities. 

* Because of its greater psychological and physical simplicity, and the desirability that the 
unit chosen should have extensive magnitude, it has been proposed to choose as the fourth fun- 
damental quantity, a quantity of electrical charge, e. The standard unit of electrical charge 
would then be the electronic charge. For thermal needs, entropy has been proposed. While 
not generally so psychologically easy to grasp as temperature, entropy is of fundamental im- 


portance in thermodynamics and has extensive magnitude. (R. C. Tolman, The Measurable 
Quantities of Physics, Physical Review, 9, p. 237, 1917.) 
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Conversion Factors and Dimensional Formulae. — For the ratios of length, 
“mass, time, temperature, dielectric constant and permeability units the small 
bracketed letters, [7], [m], Lt], [0], [&], and [w] will be adopted. These symbols 
will always represent simple numbers, but the magnitude of the number will 
depend on the relative magnitudes of the units the ratios of which they repre- 
sent. When the values of the numbers represented by these small bracketed 
letters as well as the powers of them involved in any particular unit are known, 
the factor for the transformation is at once obtained. Thus, in the above ex- 
ample, the value of / was 1/3, and the power involved in the expression for volume 
was 3; hence the factor for transforming from cubic feet to cubic yards was 1? 
or 1/3° or 1/27. These factors will be called conversion factors. 

To find the symbolic expression for the conversion factor for any physical 
quantity, it is sufficient to determine the degree to which the quantities length, 
mass, time, etc., are involved. Thus a velocity is expressed by the ratio of the 
number representing a length to that representing an interval of time, or [L/T], 
and acceleration by a velocity number divided by an interval-of-time number, 
or [ L/T?], and so on, and the corresponding ratios of units must therefore enter 
in precisely the same degree. The factors would thus be for the just stated cases, 
[J/t] and [1/t?]. Equations of the form above given for velocity and acceleration 
which show the dimensions of the quantity in terms of the fundamental units 
are called dimensional equations. Thus [E]=[ML?7-*] will be found to 
be the dimensional equation for energy, and [ML?7-*] the dimensional formula 
for it. These expressions will be distinguished from the conversion factors by 
the use of bracketed capital letters. 

In general, if we have an equation for a physical quantity, 

Oa CLAMey 
where C is a constant and L, M, T represent length, mass, and time in terms 
of one set of units, and it is desired to transform to another set of units in terms 
of which the length, mass, and time are L,, M,, T,, we have to find the value of 
L,/L, M,/M, T,/T, which, in accordance with the convention adopted above, 
will be /, m, t, or the ratios of the magnitudes of the old to those of the new units. 

Thus L, = Ll, M, = Mm, T, = Tt, and if Q, be the new quantity number, 

Q, 7 CLM Ts, 
= CMa a = One, 
or the conversion factor is [/7mt*], a quantity precisely of the same form as the 
dimension formula [ L7M°T* ]. 

Dimensional equations are useful for checking the validity of physical equa- 
tions. Since physical equations must be homogeneous, each term appearing in 
them must be dimensionally equivalent. For example, the distance moved by 
a uniformly accelerated body is s = vf + zal?. The corresponding dimensional 
equation is [ZL] =[(L/T)T]+[(L/T?)T?], each term reducing to [L]. 

Dimensional considerations may often give insight into the laws regulating 
physical phenomena.! For instance Lord Rayleigh, in discussing the intensity 


1 See “On Physically Similar Systems; Illustrations of the Use of Dimensional Equations,” 
E. Buckingham, Physical Review, (2) 4, p. 345, 19T4. 
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of light scattered from small particles, in so far as it depends upon the wave- 
length, reasons as follows:? 

“The object is to compare the intensities of the incident and scattered ray; for these will 
clearly be proportional. The number (i) expressing the ratio of the two amplitudes is a function 
of the following quantities: — 7, the volume of the disturbing particle; r, the distance of the 
point under consideration from it; A, the wave-length; 6, the velocity of propagation of light; 
D and D’, the original and altered densities: of which the first three depend only on space, the 
fourth on space and time, while the fifth and sixth introduce the consideration of mass. Other. 
elements of the problem there are none, except mere numbers and angles, which do not depend 
upon the fundamental measurements of space, time, and mass. Since the ratio 7, whose expres- 
sion we seek, is of no dimensions in mass, it follows at once that D and D’ occur only under the 
form D: D’, which is a simple number and may therefore be omitted. It remains to find how 
i varies with T, 7, X, b. 

““Now, of these quantities, b is the only one depending on time; and therefore, as 7 is of no 
dimensions in time, b cannot occur in its expression. We are left, then, with T, 7, and A; and 
from what we know of the dynamics of the question, we may be sure that 7 varies directly as 
T and inversely as r, and must therefore be proportional to T + d’r, T being of three dimensions 
in space. In passing from one part of the spectrum to another ) is the only quantity which 
varies, and we have the important law: 

“When light is scattered by particles which are very small compared with any of the wave- 
lengths, the ratio of the amplitudes of the vibrations of the scattered and incident light varies 
inversely as the square of the wave-length, and the intensity of the lights themselves as the 
inverse fourth power.” 


The dimensional and conversion-factor formulae for the more commonly 
occurring derived units will now be developed. 


Area is referred to a unit square whose side is the unit of length. The area of 

a surface is expressed as 
o = CLs 

where the constant C depends on the contour of the surface and L is a linear 
dimension. If the surface is a square and L the length of a side, C is unity; 
if a circle and L its diameter, C is 7/4. The dimensional formula is therefore 
[L*] and the conversion factor [/?]. (Since the conversion factors are always of 
the same dimensions as the dimensional formulae they will be omitted in the 
subsequent discussions. A table of them will be found on page 3.) 


Volume is referred to a unit cube whose edge is the unit of length. The volume 
of a body is expressed as 
Ve= Gi. 
The constant C depends on the shape of the bounding surfaces. The dimen- 
sional formula is [ L*]. 


Density is the quantity of matter per unit volume. The dimensional formula 
is [M/V] or [ML]. 


Ex. — The density of a body is 150 pd. per cu. ft.: required the density in grains per cu. in. 
Here m, the number of grains in a pd., = 7000; /, the number of in. in a ft., = 12; ml? = 7000/1238 
= 4.051. The density is 150 X 4.051 = 607.6 grains/cu. in. 


The specific gravity of a body is the ratio of a density to the density of a standard 
substance. The dimensional formula and conversion factor are both unity 


* Philosophical Magazine, (4) 41, p. 107, 187r. 
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Velocity, v, of a body is dL/dt, or the ratio of a length to a time. The dimen- 
sional formula is [ L7—*]. 


Angle is measured by the ratio of the length of an arc to its radius. The di- 
mensional formula is unity. 


Angular Velocity is the ratio of the angle described in a given time to that 
time. The dimensional formula is [ 7~']. 


Linear Acceleration is the rate of change of velocity or a = dv/dt. The dimen- 
sional formula is [LV 7—"] or [L7-*]. 

Ex. — A body acquires velocity at a uniform rate and at the end of one minute moves at the 
rate of 20 kilometers per hour: what is the acceleration in centimeters per second per second? 
Since the velocity gained was 20 km per hour in one minute, the acceleration was 1200 km 
per hour per hour. /= 100000, ¢ = 3600, /f* = 100000/3600? = 0.00771; the acceleration = 
.00771 X 1200 = 9.26 cm/sec. 


Angular Acceleration is rate of change of angular velocity. The dimensional 
formula is [ (angular velocity)/T] or [T-?]. 


Momentum, the quantity of motion in the Newtonian sense, is measured by 
the product of the mass and velocity of the body. The dimensional formula is 
[MV] or [MLT“*]. 


Moment of Momentum of a body with reference to a point is the product of 
its momentum by the distance of its line of motion from the point. The dimen- 
sional formula is [ML?7~"]. 


Moment of Inertia of a body round an axis is expressed by the formula Ymr?, 
where m is the mass of any particle of the body and r its distance from the axis. 
The dimensional formula for the sum is the same as for each element and is 
[M L?}. 

Angular Momentum of a body is the product of its moment of inertia and 
angular velocity. The dimensional formula is L/L?7—"]. 


Force is measured by the rate of change of momentum it can produce. The 
dimensional formulae for force and “time rate of change of momentum” are 
therefore the same, the ratio of a momentum to a time [MLT~*]. 


Ex. — When mass is expressed in lbs., length in ft., and time in secs., the unit force is called 
the poundal. When grams, cms, and secs. are the corresponding units, the unit of force is 
called the dyne. Find the number of dynes in 25 poundals. Here m = 453.59, / = 30.48, ¢ = 1; 
mit = 453.59 X 30.48 = 13825 nearly. The number of dynes is 13825 X 25 = 345625 approxi- 
mately. 

‘Moment of Couple, Torque, or Twisting Motive can be expressed as the product 
of a force and a length. The dimensional formula is [FL] or [ML?T-*]. 


Intensity of Stress is the ratio of the total stress to the area over which the 
stress is distributed. The dimensional formula is [FL~*] or [ML!7~*]. 


Intensity of Attraction, or ‘‘ Force at a Point,” is the force of attraction per 
unit mass on 2 body placed at the point. The dimensional formula is [PM~] 
or [ L7-*], the same as acceleration. 
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Absolute Force of a Center of Attraction, or “ Strength of a Center,” is the 
intensity of force at unit distance from the center, and is the force per unit mass 
at any point multiplied by the square of the distance from the center. The 
dimensional formula is [FL?M~] or [L*T~*]. 


Modulus of Elasticity is the ratio of stress intensity to percentage strain. The 
dimensional of percentage strain, a length divided by a length, is unity. Hence 
the dimensional formula of a modulus of elasticity is that of stress intensity 
[Lr]. 

Work is done by a force when the point of application a the force, acting on 
a body, moves in the direction of the force. It is measured by the product of 
the force and the displacement. The dimensional formula is [FL] or [ML*T~™]. 


Energy. — The work done by the force produces either a change in the veloc- 
ity of the body or a change of its shape or configuration, or both. In the first 
case it produces a change of kinetic energy, in the second, of potential energy. 
The dimensional formulae of energy and work, representing quantities of the same 
kind, are identical [M L?T-*]. 


Resilience is the work done per unit volume of a body in distorting it to the 
elastic limit or in producing rupture. The dimensional formula is LM L?7-*L~*] 
Or La "| 


Power or Activity is the time rate of doing work, or if W represents work and 
P power, P = dw/dt. The dimensional formula is [W7—"] or [ML?T-4], or for 
problems in gravitation units more conveniently [/#LT~'], where F stands for 
the force factor. 


Exs. — Find the number of gram-cms in one ft.-pd. Here the units of force are the attrac- 
tion of the earth on the pound and the gram of matter. (In problems like this the terms ‘‘grams”’ 
and “‘pd.” refer to force and not to mass.) The conversion factor is [ jl], where f is 453.59 and 
lis 30.48. The answer is 453.59 X 30.48 = 13825. 

Find the number of ft.-poundals in 1rooocce cm-dynes. Here m = 1/453.59, 1 = 1/30.48, 
t=1; mit? = 1/453.59 X 30.48%, and 10%ml*t = 108/453.50 X 30.48? = 2.373. 

If gravity produces an acceleration of 32.2 ft./sec./sec., how many watts are required to make 
one horse-power? One horse-power is 550 ft.-pds. per sec., or 550 X 32.2 = 17710 ft.-poundals 
per second. One watt is ro” ergs per sec., that is, 107 dyne-cms per sec. The conversion factor _ 
is [mit~*], where m is 453.59, J is 30.48, and ¢ is 1, and the result has to be divided by 107, the 
number of dyne-cms per sec. in the watt. 17710 ml*t~8/10’ = 17710 X 453.59 X 30.482/t107 
= 746.3. 


HEAT UNITS. 


Quantity of Heat, measured in dynamical units, has the same dimensions as 
energy [ML?T~]. Ordinary measurements, however, are made in thermal 
units, that is, in terms of the amount of heat required to raise the temperature 
of a unit mass of water one degree of temperature at some stated temperature. 
This involves the unit of mass and some unit of temperature. If we denote 
temperature numbers by 0, the dimensional formula for quantity of heat, 1h 
will be LZ0]. Unit volume is sometimes used instead of unit mass in the meas- 
urement of heat, the units being called thermometric units. The dimensional 
formula now changed by the substitution of volume for mass is [Le]. 
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‘Specific Heat is the relative amount of heat, compared with water as standard 
substance, required to raise unit mass of different substances one degree in tem- 
perature and is a simple number. 


Coefficient of Thermal Expansion of a substance is the ratio of the change of 
length per unit length (linear), or change of volume per unit volume (voluminal), 
to the change of temperature. These ratios are simple numbers, and the change 
of temperature varies inversely as the magnitude of the unit of temperature. 
The dimensional formula is [6~']. 


Thermal Conductivity, or Specific Conductance, is the quantity of heat, H, 
transmitted per unit of time per unit of surface per unit of temperature gradient. 
The equation for conductivity is therefore K = H/L?T0/L, and the dimen- 
sional formula [H/OLT]=[ML-'T-'] in thermal units. In thermometric 
units the formula becomes [L?7~)], which properly represents diffusivity, and 
in dynamical units [ML7-*0-']. 


Thermal Capacity is mass times the specific heat. The dimensional formula 
is [M]. 

Latent Heat is the quantity of heat required to change the state of a body 
divided by the quantity of matter. The dimensional formula is [M0/M] or 
[6]; in dynamical units it is |L?7-?]. 

Notre. — When 0 is given the dimensional formula [L?7~], the formulae in thermal and 
dynamical units are identical. 

Joule’s Equivalent, J, is connected with the quantity of heat by the equation 
MIL?T~ = JH or JMO. The dimensional formula of J is [L?7—-?0-!]. In 
dynamical units J is a simple number.. 


Entropy of a body is directly proportional.to the quantity of heat it contains 
and inversely proportional to its temperature. The dimensional formula is 
[M0/0] or [M]. In dynamical units the formula is LM L?T~0~']. 

Exs. — Find the relation between the British thermal unit, the large or kilogram-calorie 
and the small or gram-calorie, sometimes called the “therm.” Referring all the units to the 
same temperature of the standard substance, the British thermal unit is the amount of heat 
required to warm one pound of water 1° C, the large calorie, 1 kilogram of water, 1° C, the 
small calorie or therm, 1 gram, 1° C. (1) To find the number of kg-cals. in one British thermal 
unit. m = .45350, 9 = 5/9; m0 = .45359 X 5/9 = .25199. (2) To find the number therms in one 
kg-cal. m= 1000, and#=1; m= 1000. (3) Hence the number of small calories or therms in 
one British thermal unit is T000 X .25199 = 251.99. 


ELECTRIC AND MAGNETIC UNITS. 


A system of units of electric and magnetic quantities requires four funaa- 
mental quantities. A system in which length, mass, and time constitute three 
of the fundamental quantities is known as an “‘absolute” system. There are 
two absolute systems of electric and magnetic units. One is called the electro- 
static, in which the fourth fundamental quantity is the dielectric constant, and 
one is called the electromagnetic, in which the fourth fundamental quantity is 
magnetic permeability. Besides these two systems there will be described a 
third in common use called the “international”? system. 


XXX INTRODUCTION. 


In the electrostatic system, unit quantity of electricity, Q, is the quantity 
which exerts unit mechanical force upon an equal quantity a unit distance from 
it in a vacuum. From this definition the dimensions and the units of all the 
other electric and magnetic quantities follow through the equations of the mathe- 
matical theory of electromagnetism. The mechanical force between two quan- 
tities of electricity in any medium is 
where K is the dielectric constant, characteristic of the medium, and r the dis- 
tance between the two points at which the quantities Q and Q’ are located. K 
is the fourth quantity entering into dimensional expressions in the electrostatic 
system. Since the dimensional formula for force is [MLT~], that for Q is 
[MtLiT— K?]. 

The electromagnetic system is based upon the unit of the magnetic pole 
strength. The dimensions and the units of the other quantities are built up 
from this in the same manner as for the electrostatic system. The mechanical 
force between two magnetic poles in any medium is 


in which pw is the permeability of the medium and ¢ is the distance between two 
poles having the strengths m and m’. w is the fourth quantity entering into 
dimensional expressions in the electromagnetic system. It follows that the 
dimensional expression for magnetic pole strength is [M?L?7—1y3]. 

The symbols AK and w are sometimes omitted in the dimexsional formulae so 
that only three fundamental quantities appear. There are a number of objec- 
tions to this. Such formulae give no information as to the relative magnitudes 
of the units in the two systems. The omission is equivalent to assuming some 
relation between mechanical and electrical quantities, or to a mechanical expla- 
nation of electricity. Such a relation or explanation is not known. 

The properties A and p are connected by the equation 1/\/ Ku = v, where 2 
is the velocity of an electromagnetic wave. For empty space or for air, K and 
m being measured in the same units, 1/1/ Ku =, where c is the velocity of 
light in vacuo, 3 X 10" cm per sec. It is sometimes forgotten that the omission 
of the dimensions of A or yw is merely conventional. For instance, magnetic 
field intensity and magnetic induction apparently have the same dimensions 
when p is omitted. This results in confusion and difficulty in understanding the 
theory of magnetism. The suppression of yw has also led to the use of the “centi- 
meter” as a unit of capacity and of inductance; neither is physically the same 
as length. ; ; 


ELECTROSTATIC SYSTEM. 


Quantity of Electricity has the dimensional formula [M!L'T— K*], as shown 
above. 
. Electric Surface Density of an electrical distribution at any point on a surface 
is measured by the quantity per unit area. The dimensional formula is the ratio 
of the formulae for quantity of electricity and for area or [M!L-3 LEAKE 
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Electric Field Intensity is measured by the ratio of the force on a quantity 
of electricity at a point to the quantity of electricity. The dimensional 
formula is therefore the ratio of the formulae for force and electric quantity or 
[MLT~/MiL?T— K*] or [M*L+47-! K-4]. 


Electric Potential and Electromotive Force. — Change of potential is propor- 
tional to the work done per unit of electricity in producing the change. The 
dimensional formula is the ratio of the formulae for work and electrical quantity 
or [ML?T-?/MiLiT— K*] or [MtLiT— K-4). 


Capacity of an Insulated Conductor is proportional to the ratio of the quan- 
tity of electricity in a charge to the potential of the charge. The dimensional 


formula is the ratio of the two formulae for electric quantity and potential or 
[MtLiT— K3/MtL3T K+] or [LK]. 


Specific Inductive Capacity is the ratio of the inductive capacity of the sub- 
stance to that of a standard substance and therefore is a number. 


Electric Current is quantity of electricity flowing past a point per unit of 
time. The dimensional formula is the ratio of the formulae for electric quan- 
tity and for time or [M?L?7—! K/T] or [M?L?T- K*]. 


Electrical Conductivity, like the corresponding term for heat, is quantity per 
unit area per unit potential gradient per unit of time. The dimensional formula 
apeeiie dS Ke / r(Mt fit K-43/L)T | or [TK]. 


Resistivity is the reciprocal of conductivity. The dimensional formula is 
ir R=". 


Conductance of any part of an electric circuit, not containing a source of 
electromotive force, is the ratio of the current flowing through it to the difference 
of potential between its ends. The dimensional formula is the ratio of the for- 
mulae for current and potential or [M?L'T~ K?/M?L$T—! K-*] or [LT- K ]. 


Resistance is the reciprocal of conductance. The dimensional formula is 
ie te K-* |. 


Exs. — Find the factor for converting quantity of electricity expressed in ft.-grain-sec. units 
to the same expressed in c.g.s. units. The formula is [m2/:t“kz], in which m= 0.0648, 
1 = 30.48, t= 1, k= 1; the factor is 0.06482 x 30.482, or 42.8. 

Find the factor required to convert electric potential from mm-mg-sec. units to c.g.s. units. 
The formula is [m#/3fk-4], in which m=o0.001, /=0.1, f=1, k=1; the factor is 0.0013 
X 0.12, OF 0.01. 

Find the factor required to convert electrostatic capacity from ft.-grain-sec. and _specific- 
inductive capacity 6 units to c.g.s. units. The formula is [/k] in which / = 30.48, k = 6; the 
factor is 30.48 X 6, or 182.88. 


ELECTROMAGNETIC SYSTEM. 


Many of the magnetic quantities are analogues of certain electric quantities. 
The dimensions of such quantities in the electromagnetic system differ from 
those of the corresponding electrostatic quantities in the electrostatic system 
only in the substitution of permeability uw for K. 


* 
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Magnetic Pole Strength or Quantity of Magnetism has already been shown 
to have the dimensional formula [M?L?7—1y/]. 

Magnetic Flux characterizes the magnetized state of a magnetic circuit. 
Through a surface inclosing a magnetic pole it is proportional to the magnetic 
pole strength. The dimensional formula is that for magnetic pole strength. 


Magnetic Field Intensity or Magnetizing Force is the ratio of the force on a 
magnetic pole placed at the point and the magnetic pole strength. The dimen- 
sional formula is therefore the ratio of the formulae for a force and magnetic 
quantity, or [MLT-2/M}L§T—y*] or [M3 L774]. 

Magnetic Potential or Magnetomotive Force at a point is measured by the 
work which is required to bring unit quantity of positive magnetism from zero 
potential to the point. The dimensional formula is the ratio of the formulae for 
work and magnetic quantity, [ML?T-?/M?LiT—y*] or (MIL?Ty-*]. 

Magnetic Moment is the product of the pole strength by the length of the 
magnet. The dimensional formula is [M?L?7T—y?]. 

Intensity of Magnetization of any portion of a magnetized body is the ratio 
of the magnetic moment of that portion and its volume. The dimensional 
formula is [M?L?7—y3/L* | or [M?L*T-"y?]. 

Magnetic Induction is the magnetic flux per unit of area taken perpendicular 
to the direction of the magnetic flux. The dimensional formula is [M?L?7—-'yu3/L? | 
ord? Lt Tatty, 


Magnetic Susceptibility is the ratio of intensity of magnetization produced 
and the intensity of the magnetic field producing it. The dimensional formula 
ey Cd ih VE be et core | eae 


Current, J, flowing in circle, radius r, creates magnetic field at its center, 
2mi/r. Dimensional formula is product of formulae for magnetic field intensity 
and length or [| M?L37—y-* J, 

Quantity of Electricity is the product of the current and time. The dimen- 


1 


sional formula is [M?L?u7?]. 


Electric Potential, or Electromotive Force, as in the electrostatic system, is 
the ratio of work to quantity of electricity. The dimensional formula is [M L?T7-2/ 
M?Liy-*] or (M?L}T-2y?]. 


Electrostatic Capacity is the ratio of quantity of electricity to difference of 
potential. The dimensional formula is [Z~!72u-"]. 


Resistance of a Conductor is the ratio of the difference of potential be- 
tween its ends and the constant current flowing. The dimensional formula is 
[MALT 2t/MtL Tu] or (LT). 

Conductance is the reciprocal of resistance, and the dimensional formula is 
boaetas |: 

Conductivity is the quantity of electricity transmitted per unit area per unit 


potential gradient per unit of time. The dimensional formula is [M?Liy-*/ 
L(MAIAT—y3/L) 7] or [L? Tp"), 
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Resistivity is the reciprocal of conductivity as just defined. The dimensional 
formula is [Z?7—w]. 


Self-inductance is for any circuit the electromotive force produced in it by 
unit rate of variation of the current through it. The dimensional formula is 
the product of the formulae for electromotive foree and time divided by that 
for current or [M#Li7—*u} x T + M?L}T—y-4] or [Ly]. 


Mutual Inductance of two circuits is the electromotive force produced in one 
_ per unit rate of variation of the current in the other. The dimensional formula 
is the same as for self-inductance. 


Electric Field Intensity is the ratio of electric potential or electromotive force 
and length. The dimensional formula is [M?L}7—2u?]. 


Magnetic Reluctance is the ratio of magnetic potential difference to magnetic 
flux. The dimensional formula is [ Z~! Me). 


Thermoelectric Power is measured by the ratio of electromotive force and 
temperature. The dimensional formula is [M?L!7-y0-']. 


Coefficient of Peltier Effect is measured by the ratio of the quantity of heat 
and quantity of electricity. The dimensional formula is[M L?7-2/M?Liu-*] or 
[M+L?T—*y? |, the same as for electromotive force. 

Exs. — Find the factor required to convert intensity of magnetic field from ft.-grain-min. 
units to c.g.s. units. The formula is [m2]~2t1u-3]; m = 0.0648, 1 = 30.48, t = 60, and w=1; 
the factor is 0.06483 X 30.4873, or 0.046108. 

How many c.g.s. units of magnetic moment make one ft.-grain-sec. unit of the same quan- 
tity? The formula’ is [m2/!t4y3]; m = 0.0648, ] = 30.48, =1, and #4=1; the number is 
0.06484 X 30.485, or 1305.6. 

If the intensity of magnetization of a steel bar is 700 in c.g.s. units, what will it be in mm- 
mg-sec. units? The formula is [ml3tyi]; m= 1000,/=10,¢=1, w=1; the intensity is 
700 X 10004 X 104, or 70000. 

Find the factor required to convert current from c.g.s. units to earth-quadrant-1o!! gram- 


—$ 


sec. units. The formula is [m2/3t4y-3]; m= 104, 1 = 10%, w=1; the factor is 10% x 10-3, 


or 10. 
Find the factor required to convert resistance expressed in c.g.s. units into the same expressed 


in earth-quadrant-1o™! gram-sec. units. The formula is [/é4yu]; /= 10°, f=1, w=1; the 
FACLORMS) LON. 


FUNDAMENTAL STANDARDS. 


The choice of the nature of the fundamental quantities already made does 
not sufficiently define the system for measurements. Some definite unit or 
arbitrarily chosen standard must next be taken for each of the fundamental 
quantities. This fundamental standard should have the qualities of perma- 
nence, reproducibility and availability and be suitable for accurate measures. 
Once chosen and made it is called the primary standard and is generally kept 
at some central bureau, —for instance, the International Bureau of Weights 
and Measures at Sévres, France. A primary standard may also be chosen and 
made for derived units (e.g., the international ohm standard), when it is simply 
a standard closely representing the unit and accepted for practical purposes, 
its value having been fixed by certain measuring processes. Secondary or refer- 


XXXIV INTRODUCTION. 


ence standards are accurately compared copies, not necessarily duplicates, of 
the primaries for use in the work of standardizing laboratories and the produc- 


tion of working standards for everyday use. 


Standard of Length. — The primary standard of length which now almost 
universally serves as the basis for physical measurements is the meter. It is 
defined as the distance between two lines at o° C on a platinum-iridium bar 
deposited at the International Bureau of Weights and Measures. This bar is 
known as the International Prototype Meter, and its length was derived from 
the “métre des Archives,” which was made by Borda. Borda, Delambre, Laplace, 
and pthers, acting as a committee of the French Academy, recommended that 
the standard unit of length should be the ten-millionth part of the length, from 
the equator to the pole, of the meridian passing through Paris. In 1795 the 
French Republic passed a decree making this the legal standard of length, and 
an arc of the meridian extending from Dunkirk to Barcelona was measured by 
Delambre and Mechain for the purpose of realizing the standard. ‘From the 
results of that measurement the meter bar was made by Borda. The meter is 
now defined as above and not in terms of the meridian length; hence subsequent 
measures of the length of the meridian have not affected the length of the meter. 


Standard of Mass. — The primary standard of mass now almost universally 
used as the basis for physical measurements is the kilogram. It is defined as 
the mass of a certain piece of platinum-iridium deposited at the International 
Bureau of Weights and Measures. This standard is known as the International 
Prototype Kilogram. Its mass is equal to that of the older standard, the “kilo- 
gram des Archives,” made by Borda and intended to have the same mass as a 
cubic decimeter of distilled water at the temperature of 4° C. 

Copies of the International Prototype Meter and Kilogram are possessed by 
the various governments and are called National Prototypes. } 


Standard of Time. — The unit of time universally used is the second. It is 
the mean solar second, or the 8640o0th part of the mean solar day. It is founded 
on the average time required for the earth to make one rotation on its axis rela- 
tively to the sun as a fixed point of reference. 


Standard of Temperature. — The standard scale of temperature as adopted 
by the International Committee of Weights and Measures (1887) depends on 
the constant-volume hydrogen thermometer. The hydrogen is taken at an 
initial pressure at o° C of one meter of mercury, 0° C, sea-level at latitude 45°. 
The scale is defined by designating the temperature of melting ice as 0° and of 
condensing steam as roo° under standard atmospheric pressure. This is known 
as the Centigrade scale (abbreviated C). 

A scale independent of the properties of any particular substance, and called 
the thermodynamic, or absolute scale, was proposed in 1848 by Lord Kelvin. 
In it the temperature is proportional to the average kinetic energy per molecule 
of a perfect gas. The temperature of melting. ice is taken as 242. 18- otha of 
the boiling point, 373.13°. The scale of the hydrogen thermometer varies from 
it only in the sense that the behavior of hydrogen departs from that of a perfect 
gas. It is customary to refer to this scale as the Kelvin scale (abbreviated K). 
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NUMERICALLY DIFFERENT SYSTEMS OF UNITS. 


The fundamental physical quantities which form the basis of a system for 
measurements have been chosen and the fundamental standards selected and 
made. Custom has not however generally used these standards for the meas- 
urement of the magnitudes of quantities but rather multiples or submultiples of 
them. For instance, for very small quantities the micron (uw) or one-millionth 
of a meter is often used. The following table! gives some of the systems pro- 
posed, all built upon the fundamental standards already described. The centi- 
meter-gram-second (cm-g-sec. or ¢.g.s.) system proposed by Kelvin is the only 


one generally accepted. 
TABLE I. 


PROPOSED SYSTEMS OF UNITS. 


Practical 

Kelvin France eee (B. A. 
GL.S. 18 IQI4 ae Com., 

1873) 


To? cm 
10711 g 


SEC. 


Further the choice of a set of fundamental physical quantities to form the basis 
of a system does not necessarily determine how that system shall be used in 
measurements. In fact, upon any sufficient set of fundamental quantities, a 
great many different systems of units may be built. The electrostatic and elec- 
tromagnetic systems are really systems of electric quantities rather than units.. 
They were based upon the relationships F = QQ’/ Kr? and mm’/r?, respec- 
tively. Systems of units built upon a chosen set of fundamental physical quan- 
tities may differ in two ways: (1) the units chosen for the fundamental quanti- 
ties may be different; (2) the defining equations by which the system is built 
may be different. 

The electrostatic system generally used is based on the centimeter, gram, 
second, and dielectric constant of a vacuum. Other systems have appeared, 
differing from this in the first way, — for instance using the foot, grain and second 
in place of the centimeter, gram and second. A system differing from it in the 
second way is that of Heaviside which introduces the factor 4m at different 
places than is usual in the equations. There are similarly several systems of 
electromagnetic units in use. 


Gaussian Systems. — ‘‘The complexity of the interrelations of the units is 
increased by the fact that not one of the systems is used as a whole, consistently 
for all electromagnetic quantities. The ‘systems’ at present used are therefore 
combinations of certain of the systems of units. 


1 Circular 60 of the Bureau of Standards, Electric Units and Standards, 1916. The subse- 
quent matter in this introduction is based upon this circular. 
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“Some writers ! on the theory of electricity prefer to use what is called a Gaus- 
sian system, a combination of electrostatic units for purely electrical quantities 
and electromagnetic units for magnetic quantities. There are two such Gaus- 
sian systems in vogue, — one a combination of c.g.s. electrostatic and c.g.s elec- 
tromagnetic systems, and the other a combination of the two corresponding 
Heaviside systems. 

“When a Gaussian system is used, caution is necessary when an equation 
contains both electric and magnetic quantities. A factor expressing the ratio 
between the electrostatic and electromagnetic units of one of the quantities 
has to be introduced. This factor is the first or second power of c, the number 
of electrostatic units of electric charge in one electromagnetic unit of the same. 
There is sometimes a question as to whether electric current is to be expressed 
in electrostatic or electromagnetic units, since it has both electric and magnetic 
attributes. It is usually expressed in electrostatic units in the Gaussian system.”’ 

It may be observed from the dimensions of K given in Table 1 that [1/ Ky] 
= [L?/T?] which has the dimensions of a square of a velocity. This velocity 
was found experimentally to be equal to that of light, when A and yw were ex- 
pressed in the same system of units. Maxwell proved theoretically that 1/ / Ku 
is the velocity of any electromagnetic wave. This was subsequently proved 
experimentally. When a Gaussian system is used, this equation becomes c/1/ Ku 
=v. For the ether K = 1 in electrostatic units and mw = 1 in electromagnetic 
units. Hence c = v for the ether, or the velocity of an electromagnetic wave in 
the ether is equal to the ratio of the c.g.s. electromagnetic to the c.g.s. electro- 
static unit of electric charge. This constant c is of primary importance in elec- 
trical theory. Its most probable value is 2.9986 x 10 centimeters per second. 


‘Practical? Electromagnetic System. — This electromagnetic system is 
based upon the units of 10° cm, 10-1! gram, the sec. and uw of the ether. It is 
never used as a complete system of units but is of interest as the historical basis 
of the present International System. The principal quantities are the resistance 
unit, the ohm = ro” c.g.s. units; the current unit, the ampere = 107! c.g.s. units; 
and the electromotive force unit, the volt = 1o® c.g.s. units. 


The International Electric Units. — The units used in practical measurements 
however, are the “International Units.” They were derived from the “practical ; 
system just described, or as the latter is sometimes called, the “absolute” sys- 
tem. These international units are based upon certain concrete standards pres- 
ently to be defined and described. With such standards electrical comparisons 
can be more accurately and readily made than could absolute measurements in 
terms of the fundamental units. Two electric units, the international ohm and 
the- international ampere, were chosen and made as nearly equal as possible to 
the ohm and ampere of the “practical” or “absolute” system. 


. a For example, ie, (Ey Webster, “Theory of Electricity and Magnetism,” 1897; J. H. Jeans 
Electricity and magnetism,” ror1; H. A. Lorentz, “The Theory of Electrons,” 1909; ond 
O. W. Richardson, ‘The Electron Theory of Matter,” 1914. 
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This system of units, sufficiently near to the ‘“‘absolute” system for the pur- 
pose of electrical measurements and as a basis for legislation, was’ defined as 
follows: 

“tr. The International Ohm is the resistance offered to an unvarying electric 
current by a column of mercury at the temperature of melting ice, 14.4521 grams 
in mass, of a constant cross-sectional area and of a length of 106.300 centimeters. 

“2. The International Ampere is the unvarying electric current which, when 
passed through a solution of nitrate of silver in water, in accordance with speci- 
fication IT attached to these Resolutions, deposits silver at the rate of o.oor11800 
_ of a gram per second. 

“3. The International Volt is the electrical pressure which, when steadily 
applied to a conductor the resistance of which is one international ohm will pro- 
duce a current of one international ampere. : 

“4. The International Wait is the energy expended per second by an unvary- 
ing electric current of one international ampere under the pressure of one inter- 
national volt.” 

In accordance with these definitions, a value was established for the electro- 
motive force of the recognized standard of electromotive force, the. Weston 
normal cell, as the result of international codperative experiments in 1910. The 
value was 1.0183 international volts at 20° C. 

The definitions by the 1908 International Conference supersede certain defini- 
tions adopted by the International Electrical Congress at Chicago in 1893. Cer- 
tain of the units retain their Chicago definitions, however. They are as follows: 

“Coulomb. As a unit of quantity, the International Coulomb, which is the 
quantity of electricity transferred by a current of one international ampere 
in one second. 

“Faryad. Asa unit of capacity, the International Farad, which is the capacity 
of a condenser, charged to be a potential of one international volt by one 
international coulomb of electricity. 

“Joule. Asa unit of work, the Joule, which is equal to 10’ units of work in 
the c.g.s. system, and which is represented sufficiently well for practical use 
by the energy expended in one second by an international ampere in an 
international ohm. 

“ Henry. As the unit of induction, the Henry, which is the induction in a 
circuit when the electromotive force induced in this circuit is one interna- 
tional volt, while the inducing current varies at the rate of one ampere per 
second.” 


“The choice of the ohm and ampere as fundamental was purely arbitrary. 
These are the two quantities directly measured in absolute electrical measure- 
ments. The ohm and volt have been urged as more suitable for definition in 
terms of arbitrary standards, because the primary standard of electromotive 
force (standard cell) has greater simplicity than the primary standard of current 
(silver voltameter). The standard cell is in fact used, together with resistance 
standards, for the actual maintenance of the units, rather than the silver vol- 
tameter and resistance standards. Again, the volt and ampere have some claim 
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for consideration for fundamental definition, both being units of quantities 
more fundamental in electrical theory than resistance.” 

For all practical purposes the “international” and the “ practical” or “abso- 
lute” units are the same. Experimental determination of the ratios of the corres- 
ponding units in the two systems have been made and the mean results are 
given in Table 382. These ratios represent the accuracy with which it was possible 
to fix the values of the international ohm and ampere at the time they were 
defined (London Conference of 1908). It is unlikely that the definitions of the 
international units will be changed in the near future to make the agreement 
any closer. An act approved July 12, 1894, makes the International units as 
above defined the legal units in the United States of America. 


THE STANDARDS OF THE INTERNATIONAL ELECTRICAL 
UNITS. 


RESISTANCE 


Resistance. — The definition of the international ohm adopted by the London 
Conference in 1908 is accepted practically everywhere. 


Mercury Standards. — Mercury standards conforming to the definition were 
constructed in England, France, Germany, Japan, Russia and the United States. 
Their mean resistances agree to about two parts in t00,000. To attain this 
accuracy, elaborate and painstaking experiments were necessary. Tubes are 
never quite uniform in cross-section; the accurate measurement of the mass of 
mercury filling the tube is difficult, partly because of a surface film on the walls 
of the tube; the greatest refinements are necessary in determining the length of 
the tube. In the electrical comparison of the resistance with wire standards, 
the largest source of error is in the filling of the tube. These and other sources 
of error necessitated a certain uniformity in the setting up of mercury standards 
and at the London Conference the following specifications were drawn up: 


SPECIFICATION RELATING TO MERCURY STANDARDS OF RESISTANCE. 


The glass tubes used for mercury standards of resistance must be made of a glass such that 
the dimensions may remain as constant as pessible. The tubes must be well annealed and straight. 
The bore must be as nearly as possible uniform and circular, and the area of cross-section of the 
bore must be approximately one square millimeter. The mercury must have a resistance of 
approximately one ohm. 

Each of the tubes must be accurately calibrated. The correction to be applied to allow for 
the area of the cross-section of the bore not being exactly the same at all parts of the tube must 
not exceed 5 parts in 10,000. 

The mercury filling the tube must be considered as bounded by plane surfaces placed in 
contact with the ends of the tube. 

The length of the axis of the tube, the mass of mercury the tube contains, and the electrical 
resistance of the mercury are to be determined at a temperature as near to o° C as possible. 
The measurements are to be corrected to o° C. 

For the purpose of the electrical measurements, end vessels carrying connections for the 
current and potential terminals are to be fitted on to the tube. These end vessels are to be 
spherical in shape (of a diameter of approximately four centimeters) and should have cylindrical 
pieces attached to make connections with the tubes. The outside edge of each end of the tube 
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is to be coincident with the inner surface of the corresponding end vessel. The leads which make 
contact with the mercury are to be of thin platinum wire fused into glass. The point of entry 
of the current lead and the end of the tube are to be at opposite ends of a diameter of the bulb; 
the potential lead is to be midway between these two points. All the leads must be so thin 
that no error in the resistance is introduced through conduction of heat to the mercury. The 
filling of the tube with mercury for the purpose of the resistance measurements must be carri¢d 
out under the same conditions as the filling for the determination of the mass. 
The resistance which has to be added to the resistance ofthe ale to allow for the effect of 
the end vessels is to be calculated by the formula 
0.80 (42 I is 
i 88} 
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where 7; and 72 are the radii in millimeters of the end sections of the bore of the tube. 

The mean. of the calculated resistances of at least five tubes shall be taken to determine the 
value of the unit of resistance. 

For the purpose of the comparison of resistances with a mercury tube the measurements 
shall be made with at least three separate fillings of the tube. : 


Secondary Standards. —Secondary standards, derived from the mercury 
standards and used to give values to working standards, are certain coils of 
manganin wire kept in the national laboratories. Their resistances are adjusted 
to correspond to the unit or its decimal multiples or submultiples. The values 
assigned to these coils are checked from time to time with the similar coils of 
the other countries. The value now in use is based on the comparison made 
at the U. 8. Bureau of Standards in 1910 and may be called the “1g1o ohm.” 
Later measurements on various mercury standards checked the value then used 
within 2 parts in 100,000. Thus the basis of resistance measurement is main- 
tained not by the mercury standards of a single laboratory, but by all the mer- 
cury standards of the various national laboratories; it is furthermore the same 
in all countries, except for very slight outstanding discrepancies due to the 
errors of measurement and variations of the standards with time. 


Resistance Standards in Practice. —In ordinary measurements, working 
standards of resistance are usually coils of manganin wire (approximately 84 
per cent Cu + 12 per cent Mn + 4 per cent Ni). They are generally used in oil 
which carries away the heat developed by the current and facilitates regulation 
and measurement of the temperature. The best type is inclosed in a sealed case 
for protection against atmospheric humidity. Varying humidity changes the 
resistance of open coils often to several parts in 10,000 higher in summer than 
in winter. While sealed 1 ohm and o.1 ohm coils may remain constant to about 
I part in 100,000. 


Absolute Ohm. — The absolute measurement of resistance involves the pre- 
cise determination of a length.and a time (usually an angular velocity) in a 
medium of unit permeability. Since the dimensional formula of resistance in 
the electromagnetic system is [Lu/T], such an absolute measurement gives K 
not in cm/sec. but in cm x p/sec. The definitions of the ohm, ampere and 
volt by the to08 London conference tacitly assume a permeability equal to 
unity. The relation of the international ohm to the absolute ohm has been 
measured in different ways involving revolving coil, revolving disk, and alter- 
nate current methods. Probably the most accurate determination was made 
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in 1913 by-F. E. Smith of the National Physical Laboratory of England, using 
a modification of the Lorentz revolving disk method. His result was 


rt international ohm = 1.00052 + 0.00004 absolute ohms, 


ot, in other words, while one international ohm is represented by a mercury 
column 106.300 cm long as specified above, one absolute ohm requires a similar 
column 106.245 cm long. Table 305 of the 6th revised edition of these tables 
contains data relative to the various determinations of the ohm. ; 


CURRENT. 


The Silver Voltameter. — The silver voltameter is a concrete means of meas- 
uring current in accordance with the definition of the international ampere. As ~ 
used for the realization of the international ampere “it consists of a platinum 
cathode in the form of a cup holding the silver nitrate solution, a silver anode 
partly or wholly immersed in the solution, and some means to prevent anode 
slime and particles of silver mechanically detached from the anode from reach- 
ing the cathode. As a standard representing the international ampere, the 
silver voltameter includes also the chronometer used to measure time. The 
degree of purity and the mode of preparation of the various parts of the vol- 
tameter affect the mass of the deposit. There are numerous sources of error, and 
the suitability of the silver voltameter as a primary standard of current has 
been under investigation since 1893. Differences of as much as o.1 per cent or 
more may be obtained by different procedures, the larger differences being 
mainly due to impurities produced in the electrolyte (by filter paper, for instance). 
Hence, in order that the definition of current be precise, it must be accompanied 
by specifications for using the voltameter.”’ 

The original specifications were recognized to be inadequate and an inter- 
national committee on electrical units and standards was appointed to com- 
plete the specifications. It was also recognized that in practice standard cells 
would replace secondary current standards so that a value must be fixed for the 
electromotive force of the Weston normal cell. This was attempted in roto at 
the Bureau of Standards by representatives of that institution together with 
one delegate each from the Physikalische-Technische Reichanstalt, The National 
Physical Laboratory and the Laboratoire Central d’Electricité. Voltameters 
from all four institutions were put in series under a variety of experimental con- 
ditions. Standard Weston cells and resistance standards of the four laboratories 
were also intercompared. From the joint comparison of standard cells and 
silver voltameters particular values were assigned to the standard cells from 
each laboratory. The different countries thus have a common basis of measure- 
ment maintained by the aid of standard cells and resistance standards derived 
from the international voltameter investigation of rgro. 

St was not found possible to draw up satisfactory and final specifications for 
the silver voltameter. Provisional specifications were submitted by the U:-s. 
Bureau of Standards and more complete specifications have been proposed in 
correspondence between the national laboratories and members of the inter- 
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“national committee since 1910, but no agreement upon final specifications has 
yet been reached. 


Resistance Standards Used in Current Measurements. — Precise measure- 
ments of currents require a potentiometer, a standard cell and a resistance 
standard. The resistance must be so designed as to carry the maximum current 
without undue heating and consequent change of resistance. Accordingly the 
resistance metal must have a small temperature resistance coefficient and a 
sufficient area in contact with the air, oil, or other cooling fluid. It must have 
a small thermal electromotive force against copper. Manganin satisfies these 
conditions and is usually used. The terminals of the standard must have suffi- 
cient contact area so that there shall be no undue heating at contacts. It must 
be so designed that the current distribution does not depend upon the mode of 
connection to the circuit. 


Absolute Ampere. — The absolute ampere (10~'c.g.s. electromagnetic units) 
differs by a negligible amount from the international ampere. Since the dimen- 
sional formula of the current in the electromagnetic system is [‘L?M?/Ty} ] which 
is equivalent to [F?/u*], the absolute measurement of current involves funda- 
mentally the measurement of a force in a medium of unit permeability. In most 
- measurements of high precision an electrodynamometer has been used of the 
form known as a current balance. A summary of the various determinations 
will be found in Table 293 of the 6th Revised Edition of these tables. 

The best value is probably the mean of the determinations made at the U. S. 
Bureau of Standards, the National Physical Laboratory and at the University 
of Gréningen, which gives 

I international ampere = 0.99991 absolute ampere. 


The separate values were 0.99992, 0.99988 and 0.99994, respectively. ‘‘The 
result may also be expressed in terms of the electrochemical equivalent of silver, 
which, based on the ‘t910 mean voltameter,’ thus equals o.corr181o g per 
absolute coulomb. By the definition of the international ampere, the value is 
0.00111800 g per international coulomb.” 


ELECTROMOTIVE FORCE. 


International Volt. — ‘‘The international volt is derived from the interna- 
tional ohm and ampere by Ohm’s law. Its value is maintained by the aid of the 
Weston normal cell. The national standardizing laboratories have groups of 
such cells, to which values in terms of the international ohm and ampere have 
been assigned by international experiments, and thus form a basis of reference 
for the standardization of the standard cells used in practical measurements.” 


Weston Normal Cell. —The Weston normal cell is the standard used to 
maintain the international volt and, in conjunction with resistance standards, 
to maintain the international anipere. The cell is a simple voltaic combination 


”) 


1 See ‘Report to the International Committee on Electrical Units and Standards,” 1972, p. 
199. For the Bureau of Standards investigations see Bull. Bureau of Standards, 9, pp. 209, 493; 
10, P. 475, 1912-14; 13, P. 147, 1915; 9, P. 151, 1912; 13, PP. 447. 479, 1916. 
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having its anode or negative electrode of cadmium amalgam, consisting of 10 
per cent by weight of cadmium and 90 per cent mercury. The cathode, or posi- 
tive electrode, is pure mercury covered with a paste consisting of mercurous 
sulphate, cadmium-sulphate crystals, and solution. The electrolyte is cadmium- 
sulphate solution in contact with an excess of cadmium-sulphate crystals. The 
containing vessel is of glass, usually in the H form. Connection is made to the 
electrodes by platinum wires sealed into the glass. The cells are sealed, pref- 
erably hermetically, and in use are submerged in a constant-temperature oil 
bath. The resistance of a cell is about 600 to 1000 ohms. The Weston cell used 
with potentiometers is not the Weston normal cell, but differs from it only slightly, 
the cadmium-sulphate solution not being saturated. It is described in the next 
section below. 

One of the great advantages of the Weston normal cell is its small change of 
electromotive force with change of temperature. At any temperature, ¢ (centi- 
grade), between 0° and 40°, EF; = Ex) — 0.0000406 (f — 20) — 0.00000095 (¢ — 20)? 
+ o.00000001 (ft — 20)’. This temperature formula was adopted by the London 
conference of 1908. That this formula may apply, the cell must be of a strictly 
uniform temperature throughout. One leg of the cell has a large positive and 
the other leg a large negative temperature coefficient. If the temperature of 
one leg changes faster than the other, the formula does not hold. 

When the best of care.is taken as to purity of materials and mode of procedure, 
Weston normal cells are reproducible within 1 part in 100,000. The source of 
the greatest variations has probably been in the mercurous sulphate. Cells using 
the best samples of this material have an electromotive force the constancy of 
which over a period of one year is about 1 part in 100,000. Only very meager 
specifications for the cell have as yet been agreed upon internationally, how- 
ever, and the procedures in various laboratories differ in some respects.! 

The basis of measurements of electromotive force is the same in all coun- 
tries as the result of the joint international experiments of 1910. As already 
stated, a large number of observations were made at that time with the silver 
voltameter, and a considerable number of Weston normal cells from the na- 
tional laboratories of England, France, Germany and the United States were 
compared. From the results of these voltameter experiments and from resist- 
ance measurements, the value 


1.0183 international volts at 20° C 


was assigned to the Weston normal cell. A mean of the groups cf cells from the 
four laboratories was taken as most accurately representing the. Weston normal 


1 For the preliminary specifications which have been issued and the reports of the various 
investigations on the standard cells see the following references: Preliminary specifications 
Wolff and Waters,eBull. B. of S. 3, p. 623, 1907; Clark and Weston Standard Cells, Wolff ae 
Waters, ditto, 4, p. 1, 1907; Temperature formula of Weston Standard Cell, ditto, 5, Pp. 309 
1908; The materials, reproducibility, etc., of the Weston Cell, Helett, Phys. Rev. 22, Dp. aie 
1906; 23, p. 166, 1906; 27, pp. 33, 337, 1908; Mercurous sulphate, etc., Steinwehr, Zs. fiir 
Electroch. 12, p. 578, 1906; German value of cell, Jaeger and Steinwehr, ditto, 28, p. 367, 1908; 
National Physical Laboratory researches, Smith, Phil. Trans. 207, p. 303, 1908; On the Wests 
Cell, Haga and Boerema, Arch, Neerland, des Sci, Exactes, 3, p. 324, 1913. 
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cell. Each laboratory has means of preserving the unit. Any discrepancies 
between the bases of the different countries at the present time would be due 
only to possible variations in the reference cells of the national laboratories. 
Such discrepancies are probably less than 2 parts in 100,000. 

The figure 1.0183 has been in use since January 1, tg1r. The value used in 
the United States before 1911, 1.019126 at 20°C or 1.0189 at 25°C, was as- 
signed to a certain group of cells maintained as the standard of electromotive 
force at the Bureau of Standards. The high value is partly due to the use of 
commercial mercurous sulphate in the cells. The old and the new values, 1.01926 
and 1.0183, thus apply to different groups of cells. The group of cells to which 
the value 1.019126 was assigned before roro differed by 26 microvolts from the 
mean of the international group, such that the international group to which the 
value 1.0183 is now assigned had the value 1.019126 + 0.000026, or 1.019152, 
in terms of the old United States basis. The difference between 1.019152 and 
1.0183 1S 0.000852. 

The electromotive force of any Weston cell as now given is therefore 0.000852 
volt smaller than on the old United States basis, i.e., the present international 
volt is 84 parts in 100,000 larger than the old international volt of the United 
States. 

Upon the new international basis the Clark cell set up according to the old 
United States legal -specifications has an emf of 1.43289 international volts at 
15°C. The Clark cell set up (with specially purified mercurous sulphate) accord- 
ing to improved specifications used at the Bureau of Standards has an emf of 
1.43250 international volts at 15° C or 1.42637 at 20° C. 


Portable Weston Cells. — The standard cell used in practice is the Weston 
portable cell. It is like the Weston normal cell except that the cadmium-sulphate 
solution at ordinary temperatures is unsaturated. As usually made, the cad- 
mium-sulphate solution is saturated at about 4°C; at higher temperatures the 
crystals are dissolved. Plugs of asbestos or other material hold the chemicals 
in place. Its resistance is usually about 200 to 311 ohms. The change of emf, 
wholly negligible in most electrical measurements, is less than o.coco1 volt 
per degree C. The two legs of the cell have large and opposite temperature 
coefficients so that care must be taken that the temperature of the cell is kept 
uniform and the cell must be protected from draughts or large changes of tem- 
perature. The electromotive force of a portable cell ranges from 1.0181 to 
1.0191 international volts and must be determined by comparison with stand- 
ards. It decreases very slightly with time, usually less than 0o.coor volt per 
year. 

Absolute and Semi-absolute Volt. — Since the direct determination of the 
volt in absolute measure presents great difficulties, it is derived by Ohm’s law 
from the absolute measures of the ohm and ampere. From the absolute values 
of these already given, 

rt international volt = 1.00043 absolute volts. 


The electromotive force of the Weston normal cell at 20° C is 1.01830 interna- 
tional volts and 1.01874 absolute volts. A semi-absolute volt is that potential 
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difference which exists between the terminals of a resistance of one international 
ohm when the latter carries a current of one absolute ampere. The emf of the 
Weston normal cell may be taken as 1.01821 semi-absolute volts at 20° C. 


QUANTITY OF ELECTRICITY. 


The international unit of quantity of electricity is the coulomb. The faraday 
is the quantity of electricity necessary to liberate 1 gram equivalent in electroly- 
sis. It is equivalent to 96,500 coulombs. 


Standards. — There are no standards of electric quantity. The silver voltam- 
eter may be used for its measurement since under ideal conditions the mass 
of metal deposited is proportional to the amount of electricity which has flowed. 


CAPACITY. 


The unit generally used for capacity is the international microfarad or the 
one-millionth of the international farad. Capacities are commonly measured. 
by comparison with standard capacities. The values of the standards are de- 
termined by measurement in terms of resistance and time. The standard is 
some form of condenser consisting of two sets of metal plates separated by a 

dielectric. The condenser should be surrounded by a metal shield connected to 
one set of plates rendering the capacity independent of the surroundings. An 
ideal condenser would have a constant capacity under all circumstances, with zero 
resistance in its leads and plates, and no absorption in the dielectric. Actual 
condensers vary with the temperature, atmospheric pressure, and the voltage, 
frequency, and time of charge and discharge. A well-constructed air condenser 
with heavy metal plates and suitable insulating supports is practically free from 
these effects and is used as a standard of capacity. 

Practically air condenser plates must be separated by 1 mm or more and so 
cannot be of great capacity. The more the capacity is increased by approach- 
ing the plates, the less the mechanical stability and the less constant the capac- 
ity. Condensers of great capacity use solid dielectrics, preferably mica sheets 
with conducting plates of tinfoil. At constant temperature the best mica con- 
densers are excellent standards. The dielectric absorption is small but not quite 
zero, so that the capacity of these standards with different methods of measure- 
ment must be carefully determined. 


INDUCTANCE. 


The henry, the unit of self-inductance, is also the unit of mutual inductance. 
The henry has been known as the “quadrant” and the “secohm.”’ The length 
of a quadrant or quarter of the earth’s circumference is approximately 10° cms. 
and a henry is 10? cms. of inductance. Secohm is a contraction of second and 


ohm; the dimensions of inductance are [TR] and this unit is based on the 
second and ohm. 


Inductance Standards. — Inductance standards are measured in international 
units in terms of resistance and time or resistance and capacity by alternate- 
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current bridge methods. Inductances calculated from dimensions are in abso- 
lute electromagnetic units. The ratio of the international to the absolute henry 
-is the same as the ratio of the corresponding ohms. | 

Since inductance is measured in terms of capacity and resistance by the bridge 
method about as simply and as conveniently as by comparison with standard 
inductances, it is not necessary to maintain standard inductances. They are 
however of value in-magnetic, alternating-current, and absolute electrical meas- 
urements. A standard inductance is a circuit so wound that when used in a 
circuit it adds a definite amount of inductance. It must have either such a: 
‘form or so great an inductance that the mutual inductance of the rest of the 
circuit upon it may be negligible. It usually is a wire coil wound all in the same 
direction to make self-induction a maximum. A standard, the inductance of 
which may be calculated from its dimensions, should be a single layer coil of 
very simple geometrical form. Standards of very small inductance, calculable 
from their dimensions, are of some simple device, such as a pair of parallel wires 
or a single turn of wire. With such standards great care must be used that the 
mutual inductance upon them of the leads and other parts of the circuit is negli- 
gible. Any inductance standard should be separated by long leads from the 
measuring bridge or other apparatus. It must be wound so that the distributed 
capacity between its turns is negligible; otherwise the apparent inductance will — 
vary with the frequency. 


POWER AND ENERGY. 


Power and energy, although mechanical and not primarily electrical quanti- 
ties, are measurable with greater precision by electrical methods than in any 
other way. The watt and the electric units were so chosen in terms of the c.g.s. 
units that the product of the current in amperes by the electromotive force in 
volts gives the power in watts (for continuous or instantaneous values). The 
international watt, defined as ‘‘the energy expended per second by an unvarying 
electric current of one international ampere under an electric pressure of one 
international volt,” differs but little from the absolute watt. 


Standards and Measurements. — No standard is maintained for power or 
energy. Measurements are always made in electrical practice in terms of some 
of the purely electrical quantities represented by standards. 


MAGNETIC UNITS. 


C.G.S. units are generally used for magnetic quantities. American practice 
is fairly uniform in names for these units: the c.g.s. unit of magnetomotive force 
is called the ‘‘gilbert,’’ of reluctance, the ‘“‘oersted,” following the provisional 
definitions of the American Institute of Electrical Engineers (1894). The c.g.s. 
unit of flux is called the ‘‘maxwell”’ as defined by the 1900 Paris conference. 
The name “gauss” is used unfortunately both for the unit of induction (A.LE.E. 
1894) and for the unit of magnetic field intensity or magnetizing force. “This 
double usage, recently sanctioned by engineering societies, is based upon the 
mathematical convenience of defining both induction and magnetizing force 
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as the force on a unit magnetic pole in a narrow cavity in the material, the cavity 
being in one case perpendicular, in the other parallel, to the direction of the 
magnetization: this definition however applies only in the ordinary electro- 
magnetic units. There are a number of reasons for considering induction and 
magnetizing force as two physically distinct quantities, just as- electromotive 
force and current are physically different.” 

In the United States ‘‘gauss” has been used much more for the c.g.s. unit of 
induction than for the unit of magnetizing force. The longer name of ‘“‘max- 
well per cm?” is also sometimes used for this unit when it is desired to distin- 
guish clearly between the two quantities. The c.g.s. unit of magnetizing force 
is usually called the ‘‘gilbert per cm.” 

A unit frequently used is the ampere-turn. It is a convenient unit since it 
eliminates 47 in certain calculations. It is derived from the “ampere turn per 
cm.” The following table shows the relations between a system built on the 
ampere-turn and the ordinary magnetic units.! 


TABLE II. 
THE ORDINARY AND THE AMPERE-TURN MAGNETIC UNITS. 


Ordinary 

Ampere-turn units in 1 
units. ampere- 
turn unit 


Ordinary 
Quantity - magnetic 
units. 


Magnetomotive force | Gilbert * Ampere-turn 47 /to | 
Magnetizing force Gilbert per Ampere-turn per | 47/10 
cm. cm. 

Magnetic flux Maxwell Maxwell 


Magnetic induction | Maxwell per Maxwell per cm.’ 
cm.” Gauss Gauss 


Permeability 
Reluctance | Oersted { Ampere-turn per 
| | Maxwell 

Magnetization intensity J Maxwell per cm.? 
Magnetic susceptibility xk 
Magnetic pole strength | m Maxwell 


' Dellinger, International System of Electric and Magnetic Units, Bull. Bureau of Standards, 
13, P. 599, 1910. 
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TABLE 1. 


SPELLING AND ABBREVIATIONS OF THE COMMON UNITS OF WEIGHT AND MEASURE. 


The spelling of the metric units is that adopted by the International Committee on Weights 
and Measures and given in the law legalizing the metric system in the United States (1866). 
The period is omitted after the metric abbreviations but not after those of the customary system. 
The exponents ‘‘2” and ‘‘#” are used to signify area and volume respectively in the metric units. 
The use of the same abbreviation for singular and plural is recommended. It is also suggested 
that only small letters be used for abbreviations except in the case of A. for acre, where the use 
of the capital letter is general. The following list is taken from circular 87 of the U. S. Bureau 


of Standards. 


Abbreviation. Unit. 


Abbreviation. 


acre 
are 

avoirdupois 
barrel 

board foot 
bushel 

carat, metric 
centare 
centigram 
centiliter 
centimeter 
chain 

cubic centimeter 
cubic decimeter 
cubic dekameter 
cubic foot 

cubic hectometer 
cubic inch 

cubic kilometer 
cubic meter 
cubic mile 

cubic millimeter 
cubic yard 
decigram 
deciliter 
decimeter 
decistere 
dekagram 
dekaliter 
dekameter 
dekastere 

dram 

dram, apothecaries 
dram, avoirdupois 
dram, fluid 
fathom 

foot 

firkin 

furlong 

gallon 

grain 

gram 

hectare 
hectogram 
hectoliter 
hectometer 
hogshead 
hundredweight 
inch 


? 


kilogram 
kiloliter 


metric ton 

micron 

mile 

milligram 
milliliter 
millimeter 
millimicron 

minim 

ounce 

ounce, apothecaries’ 
ounce, avoirdupois 
ounce, fluid 
ounce, troy 

peck 

pennyweight 

pint 

pound 

pound, apothecaries’ 
pound, avoirdupois 
pound, troy 

quart 

rod 

scruple, apothecaries 
square centimeter 
square chain 
square decimeter 
square dekameter 
square foot 

square hectometer 
square inch 

square kilometer 
square meter 
square mile 

square millimeter 
square rod ~ 
square yard 

stere 

ton 

ton, metric 

troy 

yard 


> 


= 
0g 


ge Oe ORE 
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TABLE 2. i is 
FUNDAMENTAL AND DERIVED UNITS. 


Conversion Factors. 


To change a quantity from one system of units to another: substitute in the corresponding 
conversion factor from the following table the ratios of the magnitudes of the old units to the 
new and multiply the old quantity by the resulting number. For example: to reduce velocity 
in miles per hour to feet per second, the conversion factor is lé-!; 1 = 5280/1, t = 3600/1, and 
the factor is 5280/3600 or 1.467. 


(a) FUNDAMENTAL UNITS. 


The fundamental units and conversion factors in the systems of units most commonly used 
are: Length (/]; Mass [m]; Time [¢]; Temperature [0]; and for the electrostatic system, 
Dielectric Constant [k]; for the electromagnetic system, Permeability [wu]. The formulae 
will also be given for the International System of electric and magnetic units based on the units 
length, resistance [r], current [7], and time. 


(6) DrERiIveD UNITs. 


Conversion ee 
i factor. : ; actor. 

Name of unit. Emluiz] Name of units. [mal] 

ae eee (Heat.) 


x 


(Geometrical and 
dynamical.) 


Quantity of heat: 
thermal units 
thermometric units.. 
dynamical units.... 


Solidtangletasre a. ede. 
Curvature Coefficient of thermal 
expansion 


linearsvelocity~-. 5-1.) Thermal conductivity: 

Angular acceleration.... ° thermal units 

Linear acceleration..... thermometric units 
; or diffusivity 

Density dynamical units.... 

Moment of inertia...... 

Intensity of attraction..| o Thermal capacity 


Momentum Latent heat: ; 
Moment of momentum.. thermal units. 
Angular momentum....| 1 dynamical units.... 


Joule’s equivalent 


Entropy: 
heat in thermal units 
heat in dynamical 
Power, activity 
Intensity of stress 
Modulus of elasticity.... 


Compressibility 
Resilience 
Viscosity 
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TABLE 2 (continued). 


FUNDAMENTAL AND DERIVED UNITS. 


NAME oF UNIT. 


(Electric and magnetic.) 


Quantity of electricity......... 
Mlectric displacement) 4. anes 
Electric surface density“. 2 >..- 


Electric field inten@ity......... 
Hlectricipotential ame eine 
Blectromotiye forcem. eee 


Electrostatic capacity......... 
Dielectric:constant§.......... 
Specific inductive capacity..... 


QUTLCIE Sete ogee Cadets snes 
Blectniciconductivitye eee eee 
Resistivity aie. perieeeeer one 


Quantity of magnetism........ 
NiaemetiCniluxat soem cee en 
Magnetic field intensity....... 


Masnetizing forcem pre ener 
Mideneticapovential wamenennn 
Magnetomotive force......... 


Miasnetic moment............ 
Intensity magnetization....... 
Maeneticinduction........... 


Magnetic susceptibility........ 
Magnetic permeability........ 
Gurentsdensityaneacnemeee 


Thermoelectric powert........ 
Peltiericoetiicienti.....4eeeen 


Conversion Factors. 
(0) Derrtvep UNITs. 


CONVERSION FACTOR. 


International 
system. 


rivulet 


Sym-| Electrostatic Electromagnetic 
bol.* system. system. emu 
esu 
ih 
mluizk? mut L? 
Ne ites: v oN Sle v 
{ 1 i! 1 1 
eiee He Geearme uk. 
i = 
ECB ce ewe Ree 
D |e aE Tl 4a pa 21 oa) © 
1 ci | eet, pea a: 
& 3 Soe. 2 lines 2 1/c 
of ct ED 
Ve |e )| air i-9 1 | aeeetes lave 
* 1 Ea 
E || 2-1-3 | a | 31-2] 2 |2/e 
Cae |) aS o |-1} 2/-1 | 
Ki} on! Col ols ho |=2)) 2)—riic® 
——" | Ou} £O|NOlmOn Onl "ON Olm©: 
1/4] -2] 444 | a-3-4 | 
Y |o] o|-1] 1t] o [-2}] rJ-1 | 2 
p ©) O] | Tia |OUleeeh ail eaten ee 
g o | r/-1| rj] o f-1] 1-1 |¢ 
Reo) ja) 21, so] 2i— Lien ac 
1 EQ 1 ud 8 1 
-m | 3] 3} O-3 | 2 | 3/-2| 2 jr/c 
m/3] 4] ol-8| 4] ax] 4 [r/c 
® | E{ 4 of-4 1] 4 | $a] 2 |x/c 
1 BY 1 z 1 ah. 

H || 2/2] 2 | 2 |-a/-1|-3 | ¢ 
nu 1 1 1 1 at 
Bole | 2) St ei tee 
Ch |g) ) Slaay ete | ssi eeai ae 
F{4| 3-24] 4 | sess | 
"1 sl Oe Pol see Ieee 
J | = +3] ol-3 | 3 [-3]-2] @ |1/c 
B | 4% |-3] ols | 2 |-a/—1] 2 |z/c 
K o |—2| 2i—r | o} of col x |zfe 
MB | © |=2) 2-1 | Oo | ol oO} © lrhc 
—] 4 fa] 3 |e fF aea-4 | c 
g Ice 
< o |—1] 2|-r |o] a] o 1/c2 
Vio =n) sia io o| x |1/c2 
R fe) ri—2) .r | o |= ol—r | c2 
— | 2.) S=t—3tl ogi Saic/c 
— | 4.| dl-s]-#4] 4] ge) dtir/e 


* As adopted by American Institute of Electrical Engineers, rors. 


1 c is the velocity of an electromagnetic wave in the ether= 3 X rol? approximately. 


t This conversion factor should include [0]. 


at 3 O12 
ij oe fo} xe) 
BE Of. Tt 
I] I Ol E 
5 ot i 3 Lo) (are § 

Oe 
O° aS 
oO) I [o} ae) 
° O| Oo 
TE 
EZ} Tei—2 
ey ee a5 
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TABLE 3. 
TABLES FOR CONVERTING U. S. WEIGHTS AND MEASURES.* 
a (1) CUSTOMARY TO METRIC. ; 


LINEAR. (CIMACT, 


. : Fluid ‘ 
nches i Fluid 
I 6 Feet to Yards to pene 
eqs meters, 3. ‘ H 
millimeters. EASE kilometers. or cubic 
centimeters. 


Liquid 
quarts to 
liters. 


Gallons to 
liters. 


ounces 
to 
milliliters. 


3-70 0.94633 | 3-78533 
1.89267 7.57000 
2.83900 | 11.35600 
3:78533 
4.73167 
5.67800 
6.62433 
7.57000 
8.51700 


25-4001 | 0.304501 | 0.914402 | 1.60935 
50 8001 -| 0.609601 | 1.828804 | 3.21869 
76.2002 | 0.914402 | 2.743205] 4.82804 
101.6002 | I. 3:657607 | 6.43739 
127.0003 | I. 3] 4.572009 | 8.04674 
152.4003 | 1.828804 | 5.486411 | 9.65608 || 
177.8004 | 2. 6.400813 | 11.26543 
203.2004 | 2.438 7.315215 | 12.87478 || 
228.6005 7432 8.229616 | 14.48412 


¥ 
f 
: 
3 


COI Duns» | 
NS) GSN Ga Neg SS 


SQUARE. WEIGHT. 


Square : Avoirdu- 

5 Avoirdu- . 
yards to Acres to Grains to ois ounces | POS Pounds eat 
square hectares. milhgrams. oy rams io Billo: fae - 
meters. 3 é ue : ; 


Square 
inches to 
square cen- 
timeters. 


Square feet 
to square 
decimeters. 


64.7989 | 28.3495 | 0.45359 | 31.10348 
129.5978 56.6991 | 0.90718 | 62.20696 
194.3968 | 85.0486 | 1.36078 | 93.31044 
259.1957 | 113-3981 | 1.81437 |124.41392 
323-9946 | 141.7476 | 2.26796 |155.51740 
388.7935 | 170.0972 | 2.72155 |186.62088 
453.5924 | 198.4467 | 3.17515 |217-72437 
518.3913 | 226.7962 | 3.62874, |243.82785 
583-1903 | 255-1457 | 4.08233 |279.93133 


6.452 290° 0.836 
12.903 é 1.672 
19.355 ; 2.508 
25.507 3-345 
32.258 452 4.181 
38.710 , 5.017 
45.161 : 5.953 
51.613 se 6.689 
58.065 : Tors 


WO ON DUA W DW 
OCNDUNAWHNH 


CUBIC. 


Cubic eee Cubic S P 
" Cubic feet | Jardsto | Bushels to 1 Gunter’s chain 20.1168 meters. 


inches to ° 
: to cubic é Z 
cubic cen- cubic hectoliters. Ah es 
meters. Bee I sq. statute mile 259.000 hectares. 
1 fathom 1.829 meters, 


timeters. 
I nautical mile = 1853.25 meters. 


16.387 0.02832 ; 0.35239 

32.774 0.05663 ; 0.70479 1 foot 0.304801 meter. 

poser 08495 4 T0571 I avoir. pound 453-5924277 grams. 
I 


[o“e) 


1.40957 || 
1.76196 15432.35039 grains 


2.11436 


65.549 | 0.11327 
81.936 0.14159 
98.323 0.16990 
114.710 0.19822 2.4067 5 
131.097 0.22654 a 2.81914 
147.484 0.25455 : 3.17154 


.0o0 =6kilogram. 


ios) 


On™N 


O ON DAUNAWD =A 


According to an executive order dated April 15, 1893, the United States yard is defined as 3600/3937 meter, and 


the avoirdupois pound as 1/2.20462 kilogram. \ ; : 
I richer (international prototype) ='1553164.13 times the wave-length of the red Cd. line. Benoit, Fabry and 
Perot. C. R. +44, 1907 differs only in the decimal portion from the measure of Michelson and Benoit 14 years earlier. 


The length of the nautical mile given above and adopted by the U. S. Coast and Geodetic Survey many years ago, 
is defined as that of a minute of arc of a great circle of a sphere whose surface equals that of the earth (Clarke’s Sphe- 


f 1866). ° x C 
SS aa * Quoted from sheets issued by the United States Bureau of Standards. 
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6 TABLE 3 (continued). . 
TABLES FOR CONVERTING U. S. WEIGHTS AND MEASURES. 
(2) METRIC TO CUSTOMARY. 


LINEAR. | CAPACITY. 


Millili- 
ters or Centi- ee Hecto- 
é : : Liters é li 
Meters to Meters to Meters to | Kilometers cubic cen-| liters to fa ters 


inches. feet. yards. to miles. timeters | fluid to 
to fluid | ounces. SEES gallons. | bushels. 


drams. 


0.27. | 0.338 | 1.0567 | 2.6418] 2.8378 
0.54 | 0.676 | 2.1134 | 5.2836] 5.6756 
0.81 1.014 | 3.1701 | 7.9253] 8.5135 
1.08 | 1.353 | 4.2268 |4o.5671 | igen 
1235 1.691 | 5.2836 | 13.2089] 14.1891 
1.62 | 2.029 | 6.3403 | 15.8507 | 17.0269 
1.89 | 2.367 | 7.3970 | 18.4924| 19.8647 
2.16 || 2.705 | 8.4537 | 21-1342) 22:7026 
2.43 | 3.043 | 9.5104 | 23.7760] 25.5404 


39.3700 | 3.28083 | 1.093611 | 0.62137 

78.7400 | 6.56167 | 2.187222 | 1.24274 
118:1100 | 9.84250 | 3.280833 | 1.86411 
157.4800 | 13.12333 | 4.374444 | 2.48548 
196.8500 | 16.40417 | 5.468056 | 3.10685 
236.2200 | 19.68500 | 6.561667 | 3.72822 
275.5900 | 22.96583 | 7.055278 | 4.34959 
314.9600 | 26.24667 | 8.748889 | 4.97096 
354-3300 | 29.52750 | 9.842500 | 5.59233 


O ON DUNfWNHH 
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SQUARE. WEIGHT. 


1 
Square Square Square “ys zt Hecto- Kilo- 
: : Milli- Kilo- 
centimeters meters to meters to Hectares grams to grams to 
-to square square square to acres. ounces — pounds 
inches. feet. yards. avoirdupois.|avoirdupois. 


grams to grams te 
grains, grains. 


0.1550 10.764 1.196 2.471 
0.3100 21.528 2.392 4.942 
0.4650 32.202 : 7.413 
0.6200 43.055 : 9.884 
0.7750 53-819 : T2835 
0.9300 64.583 : 14.826 
1.0550 75:347 : 17.207 
1.2400 86.111 : 19.768 
1.3950 96.875 : 22,239 


0.01543 | 15432.36| 3.5274 
0.03086 | 30864.71 | 7.0548 
0.04630 | 46297.07 | 10.5822 
0.06173 | 617209.43]| 14.1096 
0.07716 | 77161.78| 17.6370 | 11,0231 
0.09259 | 92594.14| 21.1644 | 13.22773 
0.10803 | 108026.49 | 24.6918 15.43230 
0.12346 | 123458.85] 28.2192 | 17.63698 

13889 | 138891.21 | 31.7466 | 19.84160 


ly 
3 
4 
5 
6 
i 
8 
9 
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CUBIC: WEIGHT. 


Cubic Cubic Cubic 3 
centimeters | decimeters | meters to meters to Quintals to 
to cubic to cubic cubic pounds av. 
inches. inches. feet. 


Milliers or Kilograms 
tonnes to pounds to ounces 
Troy. 


220.46 
440.92 
661.39 
881.85 
1102.31 
1322.77 
1543-24 
1763.70 
1984.16 


61.023 35.314 
122.047 70.269 
183.070 | 105.943 
244.094 | 141.255 
305.117 170.572 
306.140 | 211.887 
427.164 | 247.201 
488.187 | 282.516 
549-210 | 317.530 


32.1507 
64.3015 
96.4522 

128.6030 

160.7 537 


192.9045 
225.0552 
-2059 
89.3567 


© ON Aupw how 
oO 
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By the concurrent action of the principal governments of the world an International Bureau of Weights and 
Measures has been established near Paris. Under the direction of the International Committee, two ingots were 
cast of pure platinum-iridium in the proportion of 9 parts of the former to r of the latter metal. From one of these 
a certain number of kilograms were prepared, from the other a definite number of meter bars. These standards of 
weight and length were intercompared, without preference, and certain ones were selected as International proto- 
type standards. The others were distributed by lot, in September, 1889, to the different governments, and are called 
National prototype standards. Those apportioned to the United States were received in 1890, and are kept at the 
Bureau of Standards in Washington, D. C, 

The metric system was legalized in the United States in 1866. 

Be dihe International Standard Meter is derived from the Métre des Archives, and its length is defined by the 
distance between two lines at o° Centigrade, on a platinum-iridium bar deposited at the International Bureau of 
Weights and Measures. 

The International Standard Kilogram is a mass of platinum-iridium deposited at the same place, and its weicht 
in vacuo is the same as that of the Kilogram des Archives. ; . 

The liter is equal to the quantity of pure water at 4° C (760 mm. Hg. pressure) which weighs 1 kilogram and = 
1.000027 cu. dm. (Trav. et Mem. Bureau Intern. des P, et M. 14, 1910, Benoit.) i 
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TABLE 4. 5 
MISCELLANEOUS EQUIVALENTS OF U. S. AND METRIC WEIGHTS AND MEASURES.* | 


(For other equivalents than those below, see Table 3.) 


LINEAR MEASURES. 


1 mil (.oor in.) = 25.4001 ps 

I in. = .o00015783 mile 

1 hand (4 in.) = 10.16002 cm 

z link (.66 ft.) = 20.11684 cm 
_I span (9 in.) = 22.86005 cm 

1 fathom (6 ft.) = 1.828804 m 

t rod (25 links) = 5.029210 m 

t chain (4 rods) = 20.11684 m 

1 light year (9.5 x 10! km) = 5.9 x 10” 

miles 

I par sec (31 X 102 km) = 19 X 10” miles 
azin.= 397mm — gg in. = .794 mm 
qs in. = 1.588 mm FR WOES Eiieyy ination 
zin. = 6.350 mm 3 In. = 12.700 mm 
1 Angstrém unit = .coococcc0r m 

I micron (iM) = .coocor M = .00003937 in. 
t millimicron (mp) = .cooccc00r m 

I m = 4.970960 links = 1.093611 yds. 

= .198838 rod = .0497096 chain 


SQUARE MEASURES. 


1 sq. link (62.7264 sq. in.) = 404.6873 cm? 

I sq. rod (625 sq. links) = 25.29295 m? 

I sq. chain (16 sq. rods) = 404.6873 m? 

I acre (10 sq. chains) = 4046.873 m? 

I sq. mile (640 acres) = 2.589998 km? 

t km? = .3861006 sq. mile 

I m?= 24.7104 sq. links = 10.76387 sq. ft. 
= .030537 sq. rod. = .00247104 sq. 

chain 


CUBIC MEASURES. 


t board foot (144 cu. in) = 2359.8 cm 
r cord (128 cu. ft.) = 3.625 m? 


CAPACITY MEASURES. 


I minim (M) = .0616102 ml 

1 fl. dram (60M) = 3.69661 ml 

x fl. oz. (8 fl. dr.) = 1.80469 cu. in. 
= 29.5729 ml 

r gill (4 fl. oz.) = 7.21875 cu. in. = 118.292 
ml 


rt liq. pt. (28.875 cu. in.) = .473167 | 
t liq. qt. (57.75 cu. in.) = .946333 | 
1 gallon (4 qt., 231 cu. in.) = 3.785332 | 
1 dry pt. (33.6003125 cu. in.) = .550599 | 
1 dry qt. (67.200625 cu. in.) = 1.101198 
1 pk. (8 dry qt., 537-605 cu. in.) = 8.80958 | 
t bu. (4 pk., 2150.42 cu. in.) = 35.2383 | 
t firkin (9 gallons) = 34.06799 1 
1 liter = .264178 gal. = 1.05671 liq. qt. 

= 33.8147 fl. oz. = 270.518 fl. dr. 
1 ml = 16.2311 minims. 
1 dkl = 18.620 dry pt. = 9.08102 dry qt. 


MASS MEASURES. 


Avoirdupois weights. 
I grain = .0647989018 g 
1 dram ay. (27.34375 gr.) = 1.771845 g 
I 04. av. (16 dr. av.) = 28.349527 g 
1 pd. av. (16 oz. av. or 7000 gr.) 
= 14.583333 oz. ap. (3) or oz. t. 
= 1.2152778 or 7000/5760 pd. ap 
or t. 
= 453-5024277 g 
1 kg = 2.204622341 pd. av. 
IG = 15.432356 gr. = .5643833 av. dr. 
= .03527390 av. oz. 
1 short hundred weight (100 pds.) 
= 45.359243 kg 
t long hundred weight (112 pds.) 
= 50.802352 kg 
1 short ton (2000 pds.) 
= 907.18486 kg 
t long ton (2240 pd.) 
= 1016.04704 kg 
I metric ton = 0.98420640 long ton 
= I.1023112 short tons 


Troy weights. 
I pennyweight (dwt., 24 gr.) = 1.555174 g; 
gr., oz., pd. are same as apothecary 


A pothecaries’ weights. 
I gr. = 64.798918 mg 
r scruple (0, 20 gr.) = 1.2959784 g 
r dram (3, 3 Y) = 3.8879351 £ 
1 oz. (3, 8 = 31.103481 g 
t pd (123, 5760 gr.) = 373-24177 & 
I £ = 15.432356 gr. = 0.771618 YD 
10125720501 ju O32 05074 
1 kg = 32.150742 8 = 2.6792285 pd. 


I metric carat = 200 mg = 3.0864712 gr. 


U. S. 4 dollar should weigh 12.5 g and the 
smaller silver coins in proportion. 


= 1.13513 pk. = .28378 bu. 


* Taken from Circular 47 of the U. S. Bureau of Standards, 1915, which see for more complete 
tables. 
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8 TABLE 5. 


EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEICHTS 
AND MEASURES.* 


(1) METRIC TO IMPERIAL. 


(For U.S. Weights and Measures, see Table 3.) 


LINEAR MEASURE. 


I millimeter (mm.) [__ ; 
(.0o1 m.) ae peace ARR T 
I centimeter (.0 m.) = 0.39370 “ 
1 decimeter (.1 m) = Aono © 
39-370113 
I METER (m.) = 3.280843 ft. 
1.09301425 yds. 
i ee es 6 @ 
(10 m.) soe 
I Loa a 
(100m. es == 100.301425 
1 kilomete . 
(1,000 7 oe == olney mille. 
Im ee * 
Pee conus ie = 6.21372 miles. 
I micron = 0,001 mm. 


SQUARE MEASURE. 


~ 


sq. centimeter . 0.1550 sq. in. 
sq. decimeter ! 
(100 sq. centm.) 
sq. meter or centi- 
are (100 sq. dem.) f 
ARE (100 sq. m.) 
hectare (100 ares 
or 10,000 sq. m.) ; 


_ 


15.500 sq. in. 


§ 10.7639 sq. ft. 
| 1.1960 sq. yds. 
= 119.60 sq. yds. 


Eien! ol 


| 


2.4711 acres. 


CUBIC MEASURE. 


i) 


(c.c.) (1,000 cubic 0.0610 cub. in. 


cub. centimeter 
millimeters) 


Norr.—The Meter is the length, at the temperature of 0° C., of the platinum-iridiam bar deposited at the 


1 cub, decimeter 
(eh) (Uifeeo Cul 9 —oeyy 
centimeters) 

I CUB. METER 
or stere : — § 35.3148 cub. ft. 
(1,000 ¢.d.) —) "1.307954 cub. yds. 


MEASURE OF CAPACITY. 


= 


0.0610 cub. in. 
@.O1O24> “aes 
0.070 gill. 
0.176 pint. 


I 


milliliter (ml.) (.oo1 
liter) 


al 


centiliter (.o1 liter) 


i 


deciliter (.1 liter) . 
I LITER (1,000 cub. 


lL 


centimeters or I 1.75980 pints. 
cub. decimeter) 

dekaliter (10 liters) 

hectoliter (100 “ ) 


kiloliter (1,000 “ ) 


2.200 gallons. 
2.75 bushels. 
3-437 quarters. 


aH 


HW 


mH 


APOTHECARIES’ MEASURE. 


cubic centi- 

meter “(1 {— oO. 20157 fluid drachm. 

“gram w’t) 15.43236 grains weight. 
cub, millimeter = 0.01693 minim. 


1 


0.03520 fluid ounce. 


io] 


AVOIRDUPOIS WEIGHT. 


1 milligram (mgr.) . = 0.01543 grain. 
I centigram (.01 gram.) = 0.15432 “ 
1 decigram (.1 ae recA on grains. 
| I GRAM . nese oe 
1 dekagram (Io gram.) = 5.64383 drams 
1 hectogram (1001) ))5—=3"527.40 oz 
( 2.2046223 Ib 
I KILOGRAM (1,000“ ) =< 15432.3564 
d grains 
I myriagram (10 kilog.) ==22.04622 lbs 
I quintal (100 “ ) = 1.96841 cwt 
I millier or tonne yas Eee 
(1,000 kilog.) i = 0.9942 ton. 
TROVSWBEILGHES: 
0.03215 oz. Troy. 
I GRAM -} 0.64301 pennyweight. 
15.43230 grains. 
APOTHECARIES’ WEIGHT. 


| ( 0.25721 drachm. 
=, 0.77162 scruple. 
) 15.43230 grains. 


GRAM 


International Bureau of Weights and Measures at Sévres, near Paris, France. 
The present legal equivalent of the meter is 39.370113 inches, as above stated. 
The KitoGram is the mass of a platinum-iridium weight deposited at the same place. 


The Lrrer contains one kilogram weight of distilled water at its maximum density (4° C.), the barometer being 


at 760 millimeters. 


*In accordance with the schedule adopted under the Weights and Measures (metric system) Act, 1897. 
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(2) METRIC TO IMPERIAL. 


LINEAR MEASURE. 


TABLE 5. 


EQUIVALENTS OF METRIC AND BRITISH IMPERIAL WEIGHTS 
AND MEASURES. 


(For U.S. Weights and Measures, see Table 3.) 


MEASURE OF CAPACITY. 


Millimeters 


Kilo- 


meters to | 


miles. 


Liters Dekaliters | Hectoliters 
to to to 


pints gallons bushels. 


Kiloliters 
to 
quarters. 


OONDA NPWH A 


0.03937011 
0.0787 4023 
0.1181 1034 
0.15748045 
0.1968 5056 


0.23622068 


0227559979 
© 31496090 


0.35433102 


0 COND MfWN He 


2.74909 
5.49938 
8.24908 
10.99877 
13-74846 


1.75980 
3.51901 
5:27941 
7.03921 
8.79902 


2.19975 
4.39951 
6.59926 
8.79902 
10.99877 


13.19852 
1 5.39828 
17.59803 
19.79778 


10.5 5882 
12.31862 
14.078 42 
15.83823 


16.4981 5 
19.24785 
ZNSSY/ 
24-74723 


3-43712 
6.87423 
10.31135 
13.74846 
17.18558 


20.62269 
24.05981 
27.49692 
5°:93404 


SQUARE MEASURE. 


WEIGHT (Avorrpupots). 


Square 
centimeters 
to square 
inches. 


Square 
meters to 
square 
feet. 


Square 
meters to 
square 
yards. 


Hectares 


to acres. 


Milli- 

grams Kilograms 
to to grains, 

grains, 


Quintals 


to 
hundred- 
weights. 


OCOND NMPWNH 


0.15500 
0.31000 
0.46500 
0.62000 
0.77 500 


0.93000 
1,08 500 
1.24000 


1.39501 


10.76393 
21.52786 
32-29179 
4305972 
53-51965 


64.58357 


7 5-347 59 
86.11143 
96.87 536 


eNO} S18) 
2.39198 
3-58798 
4-78397 
5-97996 


7-17595 
8.37194 
9.56794 
10.76393 


1$432.356 
30864.713 | 
46297.069 
61729.426 
77161.782 


0.01543 
0.03086 
0.04630 
0.06173 
0.07716 


4.40924 
6.61387 
8.81849 
II.02311 


92594-138 
108026.495 
123458.851 
138891.208 


13.22773 
15.43236 
17:63698 
19.84160 


0.09259 
0.10803 
0.12346 
0.13889 


O ONO MPWNH 


1.90841 
3-93083 
5-90524 
7-87 365 
9.84206 


11.81048 
13-77889 
15.747 30 
17-71572 


CUBIC MEASURE. 


APOTHE- 


CARIES’ | 


MEASURE. 


AVOIRDUPOIS 


(cont.) Troy WEIGHT. 


APOTHE- 
CARIES’ 
WEIGHT, 


Cubic 
decimeters 
to cubic 
inches, 


Cubic 
meters to 
cubic | 

feet. 


Cubic 
meters to 
cubic 
yards, 


Cub, cen- 
timeters 


to fluid | 
drachms. | 


Grams 
to penny- 
weights. 


Grams 
to ounces 
Troy. 


Milliers or 
tonnes to 
tons. 


scruples, 


O ON DW NABWNH 


61.02390 
122.04781 
183.07171 
244.09501 
305.11952 


366.14342 
427.167 32 
488.19123 
549-21513 


35-31476 
70.629 52 
105.94425 
T41.25904 
176.57379 


211.8885 5 
247.20331 
282.51807 
317.83283 


1.30795 
2.01591 
3-92386 
5.23182 
6.53977 


784772 
9.15568 
10.46363 
1.77159 


0.28157 
0.50314 
0.54471 


1.12627 | 


1.40784 | 


1.68941 
1.97008 
2.25255 


2.53412 | 


I 
I 


0.64301 
1.28603 
1.92904 
2.57200 
3.21507 


0.98421 
1.96841 
2.95202 
3-93653 
4.92103 


0,03215 
0.06430 
0.09645 
0.12860 
0.1607 5 


3.85809 
4.50110 
5.14412 
5-787 13 


0.19290 
0.22506 
0.25721 
0.28936 


5.90524 
6.88944 
787365 
8.85786 


O OND NLWH A 


0.77162 
1.54324 
2.31485 
3.08647 
3.85809 


4.62971 
5.40132 
6.17294 
6.94456 
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IO TABLE 5. 


EQUIVALENTS OF BRITISH IMPERIAL AND METRIC WEICHTS 
AND MEASURES. : 


(3) IMPERIAL TO METRIC. (For U.S. Weights and Measures, see Table 3.) 


= 


LINEAR MEASURE. a | MEASURE OF CAPACITY. 


1.42 deciliters. 
0.568 liter. 
1.136 liters. 
4.5459631 “ 


25.400 milli- i Ul se gees 

1 inch = j meters. ly Bitte (4 gills) . 

Tan OO ty (> ato) een 0.30480 meter. I quart (2 pints) . 

TAVAR'D) (3°ft:) uae 0.914399 “ I GALLON (4 quarts) 

1 pole (st yd.) . . 5.0292 meters. I peck (2 galls.) . .092 

I chain (22 yd. or t — pom & 1 bushel (8 galls.) . = 3.637 dekaliters. 
100 links) Ae ; I quarter (8 bushels) = 2.909 hectoliters. 

1 furlong (220 yd.) = 201.1085 9% 

j 1.6093 kilo- 
meters. 


Hl i il 


mile (1,760 yd.) . 


AVOIRDUPOIS WEIGHT. 
SQUARE MEASURE. 


T grain =e milli- 
6.4516 sq. cen- | grams. 
timeters. -Idram. . De Sey Bee 


square inch - : 
; ACCES, Gee! LE CuMeS (UOC) oe 28.350 
sq. ft. (144 sq. in.) = ? eos aa Ih POUND (16 oz. or } = 0.45359243 kilogr. 
{ 0.836126 sq. 7,000 grains) - ee 
SQ. YARD (9 sq. ft.) = echo | stone (14 1b.) . . 6.350 
25.293 sq..me- || 1 quarter (28 Ib.) . 12.70 - 
perch (303 sq. yd.) = | hee | 1 hundredweight t — § 50.80 2 a 
rood (40 perches) “== _10.117 ares. (112 lb.) ) 0.5080 quintal. 
ACRE (4840 sq. yd.) = 0.40468 hectare. 


sq- mile (640 acres) = 259.00 hectares. I ton (20 ewt.) . = 


1.0160 tonnes 
or 1016 kilo- 
grams. * 


CUBIC MEASURE TROY WEIGHT. 

cub. inch = 16.387 cub. centimeters. y Rohe ai 
; S avolr. 

cub. foot (1728 | __ fe cub. me- I pennyweight (24 


= 31.1035 grams. 


cub. in. ter, or 23,317 rains 
) cub. decimeters. s ) 


CUB. YARD (27 f= 0.76455 cub. meter. Note. — The Troy grain is of the same weight as 


cub. ft.) 


the Avoirdupois grain. 


APOTHECARIES’ MEASURE. 
APOTHECARIES’ WEIGHT: 
gallon (8 pints on 22 
160 fluid ounces) 
fluid ounce, f 3 tee j 28.4123 cubic 
(8 drachms) = centimeters, 
fluid drachm, f 3 an } 3-5515 cubic 
(60 minims) aa centimeters. 
I minim, MN (0.91146 | __ i 0.05919 cubic 
grain weight) | centimeters. 


4.545963! liters. 
| 1 ounce (8 drachms) = 31.1035 grams. 
Tidrachm, 1 (3iscru-1| seas 
ples) & — 3.888 . 
I scruple, pi (20l 
grains) § 


6s 


= 1.296 


Notrr.— The Apothecaries’ ounce is of the same 

: weight as the Troy ounce. The Apothecaries’ 

Note. — The Apothecaries’ gallon is of the same grain is also of the same weight as the Avoirdupois 
capacity as the Imperial gallon. | grain. 


| 


Note. — The Yaro is the length at 62° Fahr., marked on a bronze bar deposited with the Board of Trade. 
The Pounp is the weight of a piece of platinum weighed in vacuo at the temperature of 0° C., and which is also 
deposited with the Board of ‘Trade. 
; une GALLON contains ro lb. weight of distilled water at the temperature of 62° Fahr., the barometer being at 
30 inches. 
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TABLE 5. 


vent 
EQUIVALENTS OF BRITISH IMPERIAL AND METRIC WEIGHTS 
AND MEASURES. 
(4) IMPERIAL TO METRIC. (For U.S. Weights and Measures, see Table 3,) 
r 
LINEAR MEASURE. MEASURE OF CAPACITY. 
Inches Feet Yards Miles Quarts Gallons Bushels Quarters 
to to to to kilo- eG to to to 
centimeters, meters, meters, meters, liters. liters, dekaliters, | hectoliters. |] 
I | 2.539998 | 0.30480 | 0.91440 | 1.60934 || 1 | 1.13649 | 4.54596 | 3.63677 | 2.90942 
2 | 5-079996 | 0.60960 | 1.82880 | 3.21869 |] 2 | 2.27208 9.09193 | 7.27354 81883 
3 | 7-619993 | 0.91440 | 2.74320 | 4.82803 |] 3 | 3.40947 13.63789 10.91031 72825 
4 | 10.1§9991 | 1.21920 3-65760 | 6.43737 ||| 4 4.54596 18.18385 | 14.54708 | 11.63767 
5 | t2-699989 | 1.52400 | 4.57200 | 8.04671 || 5 | 5.68245 | 22.72982 | 18.18385 | 14.54708 
6 | 15.239987 | 1.82880 | 5.48640 | 9.65606 || 6 | 681894 | 27.27578 | 21.82062 | 17.45650 
7 | 17-779984 | 2.13360 | 6.40080 | 11.26540 || 7 | 7.95544 | 31.82174 | 25.45739 | 20.30s91 
8 | 20.319982 | 2.43840 | 7.31519 | 12.87474 |] 8 | 9.09193 | 36.36770 | 29.09416 | 23.27533 
9 | 22.859980 | 2.74320 | 8.22959 | 14.48408 || 9 | 10.22842- | 40.91367 | 32.73093 | 26.18475 
SQUARE MEASURE. WEIGHT (Avorrpupotrs). 
Square Square Square Grains Pounds Hundred- 
inches feet yards to | Acres to rane Ounces to aeiaoe weights to 
piostuncee to rausre | ecuare: | Recares, || | ‘oon, | S78 oP reme | quies 
I 6.45159 | 9.29029 | 0.83613 | 0.40468 || 1 | 64.79892 | 28.34953 0.45359 0.50802 
2 | 12.90318 | 18.58058 | 1.67225 | 0.80937 || 2 | 129.59784 | 56.09905 | 0.90718 | 1.01605 
3.| 19.35477 | 27.87086 | 2.50838 | 1.21405 |i 3 | 194.39675 55.04855 1.36078 | 1.52407 
4 | 25.806036 | 37.16115 | 3.34450 | 1.61874 |]| 4 | 259.19567 | 113.39811 | 1.81437 | 2.03209 
5 | 32-25794 | 46.45144 | 4.18063 | 2.02342 |] 5 | 323.99459 | 141.74763 | 2.26796 | 2.54012 
6 | 38.70953 | §5-74173 | 5.01676 | 2.42811 || 6 388.79351 170.09716 | 2.72155 | 3.04814 
7 | 45-16112 | 65.03201 | 5.85288 | 2.83279 |] 7 | 453-50243 | 198.44669 | 3.17515 3.55016 
8 | 51.61271 | 74.32230 | 6.68901 | 3.23748 || 8 §18.39135 226.79621 3.62874 4.06419 
9} 58.06430 | 83.61259 | 7.52513 | 3.64216 |] 9 | 583.19026 | 255.14574 | 4.08233 | 4.57221 
APOTHE- Avorrpupors APOTHE- 
CUBIC MEASURE. Hee (Gas. Troy WIGHT anes 
Cubic Cubic feet Cubic | Seat Tons to Penny- Scruples 
inches to yards to cubic milliers or Ounces to weights to to 
to cubic cubic to cubic enti Ets grams. grams, grams. 
centimeters. | meters. meters. meters. || 
2 2 8 
I | 16.38702 | 0.02832 | 0.76455] 3.55153 |l| I 1.01605 | 31.10348 | 1.55517 | 1.2959 
2 od 0.05603 1.52911 | 7.10307 |i) 2 2.03209 62.20096 | 3.11035 2.59196 
3 | 49.16106 | 0.08495 | 2.29366 | 10.65460 || 3 | 3.04814 | 93.31044 4.66552 | 3.88794 
4 | 65.54808 | 0.11327 | 3.05821 | 14.20613 ||| 4 4.00419 | 124.41392 | 6.22070 5.18391 
5 | 81.93511 | 0.14158 |. 3.82276 | 17.75767 ||| 5 5.08024 | 155.51740 | 7.77587 | 6.47989 
| 
2 2 38 77587 
6 8.3221 0.16990 | 4.58732 | 21.30920 6 6.09628 | 186.62088 | 9 33104 | 7.7758 
7 acne muceee 5.35187 | 24.86074 |] 7 | 7-11233 | 217-72437 10.88622 9.07185 
8 | 131.09517 | 0.22653 | 6.11642 | 28.41227 || 8 | 8.12838 | 248.82785 | 12.44139 10.36783 
1} 9 | 147.48319 | 0.25485 | 6.88098 | 31.96380 || 9 | 9-14442 | 279.93133 | 13-99657 | 11.06381 
SS | 
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TABLE 6. 


DERIVATIVES AND INTECRALS.* 


d sinh x 
d cosh x 
d tanh x 
d coth x 
d sech x 
d csch x 
d sinh! x 
d cosh! x 
d tanh—! x 
| d coth—! x 
d sech—! x 
d csch—! x 


xt (1-+log, @) 


cos « dx 


= —sin x dx 


sec? 4 dx 


—csc? x dx 
tan « sec x dx 
—cot x. scs x dx 


= (1—«?) —? dx 
=—(1—a?)—-4 dx 


(1+2?)—! dx 
—(1+?)—! dx 

x—! (x21)? dx 
—x-! (x2—1)—? dx 
cosh x dx 

sinh x dx 

sech? x dx 

—csch? x dx 
—sech x tanh dx 


= —csch x. coth x dx 


(x-++1)—3 da 


(x?—1)—! dx 
(1—a?)—! dx 
(1—x?)—! dx 

—x—1 (1—a?)—4 dx 
at a coisa) ie 


S & dx 
S eda 


PBS Oe 


J log x dx 
Su dv 


J (a+bax)” dx 


S (G+?) dx 


S (a? —x?)— dx 
S (a@2—x?)—3 dx 


JEG) ade 
JS sin® x dx 

J cos? «dx 
Ssin x cos x dx 


J tan x dx 

|| _/ tan? x dx 

| cot x dx 

| [ cot? x dx 
JS csc x dx 

Vf wsiniads 
\a/ cos x dx 
| f/tanh x dx 

| / coth x dx 
JS sech x dx 
JS esch x dx 
j# sinh « dx 
fx cosh x dx 
| J sinh? x dx 
| / cosh? x dx 
J sinh « cosh x dx 


grt 
a unless ny=—I 


= log x 


ot eat 
a 
eat 
Sea (ax—1) 
= x log x—x 
=uv—/vdu 
__(at+bx)n+t 


c x x 
= sin-! ~,or—cos—! — 
a a 


+(7+27)3 

— cos xsin x+3 x 
sin x cos x+3 4 
sin? x 


J (sin x cos x)—! dx = log tan x 


—log cos x 
Laney a 
= log sin x 
SSE ONE er 


log tani x 


sin «—x cos x 
=cosa+x sing 

= log cosh x 

= log sinh x 

= 2 tan—! et =ed y 
log tanh a 


x cosh «—sinh 


R 


inh x—cosh « 


I 


s 
(sinh x cosh x—x) 


( 
c 


RIF Lom vole & 


sinh x cosh x+,4) 


osh (2 x) 


* See also accompanying table of derivatives. 
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For example: /cos. + dx = sin. x + constant. 


TABLE 7. , 13 
SERIES, 


n n (m—1) 
=< aes Slee e: ome oc hm, she ets 


n(mw—1)...(n—m-+1) 
m! 


xn—mM yt |, (y? <x?) 


n(n —1)a? n(n—1) (n—2)a? (£1)0 n | ab 
EERE A RELI Voss ae 


2! 
y ro] 


G44)" =1F e+ ” wei + mm -+ ve + 2) a8 


(I+«)"=1+:12+" 


= emis 


b= 1) xk 
ye rer ti GSD 


(be) = 1 Rate F e894 F ah (9?<1) 


(I + «)—? = 1 F 244302 F ae F 6x54 G1) 
; i VER we. Taylor's 
fet =f@+hf@+ Sp" @t...+™ sow@s... es 


Maclaurin’s 


‘ 22 n 
fe) =fO+ TI O+ TSO) +... FM OO) +... Ss 


x 


= («—1) —4 (« — 1)? + 3 ( — 138 — (2>x>0) 


aa, ne: cere x—1\5 
oi ee ae ae ANS son. («>0) 


(4? <1) 


. = I — versin x 
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14 TABLE 7 (continued). 
SERIES. 


2 
cosh x * (e+ 2) = 1+ 5 + = cats (a?< 00) 


tanh x ; xo x7... ae tx) 


sinh—! x 3 OPV” PA ee are ea (4?<1) 
(a?>1) 

cosh! x = 3 (a? >1) 
tanbissne’ : : : tae (a?<1) 
0! hp = Gd ay : 518 (x small) 


= — sech. « — : oni (x large) 


gd-1¢=¢ +4 : Jos, sy (<2) 


2% + b, cos 


Logarithms. 


= 2.71828 18285 5 0.49714 

e—! = 0.36787 94412 E 0.99429 

M = logy? = 0.43429 44819 —=0, 9.50285 
(M)—! = loge 10 = 2.30258 50930 /w = 1. 0.24857 
logio logice = 9.63778 43113 ae 925 9-947 54 


logy2 = 0.30102 99957 


nd 


loge2 = 0.69314 71806 0.05245 


logiox = M.logex 0.09805 « 


logpx = logex. logge 9.90194 O06T5 


22 < 


VIP IA yin wlyga 


81634 9.89508 98814 


= log.« + log.B 


a 
~ 


loge 7m = 1.14472 98858 0.44311 34627 9.64651 


3 + 


p = 0.47693 62762 4.18879 02048 0.62208 8 


log p = 9.67846 03565 = = 1.08443 75514 0.03520 
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' TABLE 9. 15 


VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTS, OF 
NATURAL NUMBERS. 


1000.4 : 13 1000.3 n? nb \2 


100,000 1000 : 15.3846 | 4225 | 274625 8.0623 
90.9091 1331 : 15.1515 | 4356 | 287496 8.1240 
83.3333 | 1 1728 | 34 14.9254 | 4459 | 300763 | 8.1854 
76.9231 2197 : 14.7059 | 4624 | 314432 8.2462 
71.4286: 2744 , 14.4928 | 4761 | 328509 8.3066 


66.6667 3375 : 14.2857 | 4900 | 343000 8.3666 
62.5000 4090 : 14.0845 5041 357911 8.4261 
58.8235 4913 : 13.8889 5184 373248 8.4853 
55-5550 §832 | 4.242 13-6986 | 5329 | 389017 | 8.5440 
52.0316 6859 358 13.5135 5476 | 405224 8.6023 


50.0000 8000 : Te ooO RMS OZ 5mEAZ IOs 8.6603 
47.6190 9261 | 4.582 13-1579 | 5776 | 438976 | 8.7178 
45-4545 | 10648 | 4. 12.9870 | 5929 | 456533 | 8.7750 
43.4783 g 12167 : 12.8205 | 6084 | 474552 8.8318 
41.6667 13824 | -4.8 12.6582 | 6241 | 493039 8.8882 


40.0000 15625 : i 12.5000 | 6400} 512000 8.9443 
38.4615 17570 : 12.3457 | ©5601 | 531441 9.0000 
37.0370 19083 : 12.1951 | 6724°) 551368 9.0554 
35-7143 21952 E 12.0482 | 6889 | 571787 g.1104 
34.4828 | 24389 : 11.9048 | 7056 | 592704 9.1652 


33-3333 | 27000 4772 Li7647) | 7225) Orar2s 9.2195 
32.2581 29791 ; 11.6279 | 73960 | 636056 9.2730 
31.2500 | 102 32708 | 5. 11.4943 | 7569 | 658503 | 9.3274 
30.3030 | 35937 74 11.3630 | 7744 | 681472 9.3808 
29.4118 39304. 831 11.2300 | 7921 | 704969 9.4340 


28.5714 | 42875 : IL.I1tt | 8100 | 729000 9.4868 
27-7778 | 46656 | 6. 10.9890 | 8281 | 753571 | 9.5394 
27.0270 50053 ; 10.8696 | 8464 | 778038 9.5917 
26.3158 54872 164. 10.7527 | 8649 | 804357 9.6437 
25.0410 2 59319 24 10.6383 | 8836 | 830584 9.6954 


25.0000 64000 7 10.5263 | 9025 | 857375 9.7468 
24.3902 68921 : 10.4167 | 9216 | 884736 9.7980 
23.8095 74088 b 10.3093 | 9409 | 912673 9.8489 
23.2558 79507 557 10.2041 | 9604 | 941192 9.8995 
22.7273 85184 | 6.6 10.1010 | g8or | 970299 9.9499 


22.2222 QII25 ; 10.0000 | 10000 | 1000000 | 10.0000 
277.300 || 97 330 782 9.90099 | 10201 | 1030301 10.0499 
21.2766 103823 3 9.80392 | 10404 | 1061208 | 10.0995 
20.8333 | Il0592 9282 9.70874 | 10609 | 1092727 10.1489 
20.4082 | 2 117649 : 9.61538 | 10816 | 1124864 | 10.1980 


20.0000 | 125000 : | 9.52381 | 11025 | £157625 | 10.2470 
19.6078 | 2 132051 : | 9.43390 | 11236 | trg1016 | 10.2956 
19.2308 140008 : | 9.34579 | 11449 | 1225043 | 10.3441 
18.8679 | 148877 | 7. 9.25926 | 11664 | r259712 | 10.3923 
18.5185 1574604 : 9.17431 | 11881 | 1295029 | 10.4403 


18.1818 | 166375 | 7- 9.09091 | 12100 | 1331000 | 10.4881 
17.8571 175016 2 | 9.0090L |° 12321 | 1367631 10.5357 
17.5439 185193 : 8.92857 | 12544 | 1404928 | 10.5830 
17.2414 IQSI12 6158 8.84956 1442897 | 10.6301 | 
16.9492 48 205379 : 8.77193 | 1481544 | 10.6771 


16.6667 216000 74 8.69565 225 | 1520875 | 10.7238 
16.3934 226981 é 8.62069 1560896 | 10.7703 
16.1290 238328 | 7.874 8.54701 1601613 |: 10.8167 
15.8730 250047 9: 8.47458 1643032 | 10.8628 
15.6250 8. 8.40336 1685159 | 10.9087 
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TABLE 9 antimued: 


VALUES OF RECIPROCALS, SQUARES, CUBES, SQUARE ROOTS, 
OF NATURAL NUMBERS. 


1000.) nb \7 n 1000.3 nr ns vz 
120 | 8.33333 | 14400 | 1728000 | 10.9545 175 | 5.71429 | 30625 | 5359375 | 13-2288 
121 | 8.26446 | 14641 | 1771561 | 11.0000 176 | 5.68182 | 30976 | 5451776 | 13.2065 
122 | 8.19672 | 14884 | 1815848 | 11.0454 177 | 5.64972 | 31329 | 5545233 | 13-3041 
123 | 8.13008 | 15129 | 1860867 | 11.0905 || 178 | 5.61798 | 31084 | 5639752 | 13.3417 
124 | 8.06452 | 15376 | 1906624 | 11.1355 | 179 | 5.58659 | 32041 | 5735339 | 13-3791 
125 | 8.00000 | 15625 | r953125 | 11.1803 | 180 | 5.55556 | 32400 | 5832000 | 13-4164 
126 | 7.93651 | 15876 | 2000376 | 11.2250 181 | 5.52486 | 32761 5929741 | 13-4536 
127 | 7.87402 | 16129 | 2048383 | 11.2694 182 | 5.49451 | 33124 | 6028568 | 13.4907 
128 | 7.81250 | 16384 | 2097152 | 11.3137 183 | 5.46448 | 33489 | 6128487 | 13-5277 
129 | 7.75194 | 16641 | 2146689 | 11.3578 184 | 5.43478 | 33856 | 6229504 | 13.5647 
130 | 7.69231 | 16900 | 2197000 | 11.4018 185 | 5.40541 | 34225 | 6331625 | 13.6015 
131 | 7-63359 | 17161 | 2248091 | 11.4455 186 | 5.37634 | 34596 | 6434856 | 13.6382 
132 | 7-57570 | 17424 | 2299968 | 11.4891 187 | 5.34759 349609 | 6539203 | 13-6748 
133 | 7.51880 | 17689 | 2352637 | 11.5326 188 | 5.31915 | 35344 | 6644672 | 13-7113 
134 | 7.46269 | 17956 | 2406104 | 11.5758 189 | 5.29101 | 35721 | 6751269 | 13-7477 
| | } 
135 | 7.40741 | 18225 | 2460375 | 11.6190 || 190 | 5.26316 | 36100 | 6859000 13.7840 
136 | 7.35294 | 184960 | 2515456 | 11.6619 Ig | 5.23560 | 36481 | 6967871 | 13.8203 
137 | 7.29927 | 18769 | 2571353 | 11.7047 192 | 5-20833 36864 | 7077888 | 13.8564 
138 | 7.24638 | 19044 | 2628072 | 11.7473 193 | 5.18135 | 37249 | 7189057 13.8924 
139 | 7-19424 | 19321 | 2685619 | 11.7808 194 | 5.15464 | 37636 | 7301384 | 13.9284 
140 | 7.14286 | 19600 | 2744000 | 11.8322 195 | 5.12821 | 38025 | 7414875 | 13.9642 
I4t | 7.09220 | 19881 | 2803221 | 11.8743 196 | 5.10204 | 38416 | 7529536 | 14.0000 
142 | 7.04225 | 20164 | 2863288 | 11.9164 197 | 5.07614 | 38809 | 7645373 | 14.0357 
143 | 6.99301 | 20449 | 2924207 11.9583 198 | 5.05051 | 39204 | 7762392 | 14.0712 
144 | 6.94444 | 20736 | 2985984 | 12.0000 199 | 5.02513 | 39601 | 7880599 | 14.1067 
145 | 6.89655 | 21025 | 3048625 | 12.0416 200 | 5.00000 | 40000 | 8000000 | 14.1421 
146 | 6.84932 | 21316 | 3112136 | 12.0830 | 201 4.97512 | 40401 | 8120601 | 14.1774 
147 | 6.80272 | 21609 | 3176523 | 12.1244 202 | 4.95050 | 40804 | 8242408 | 14.2127 
148 | 6.75676 | 21904 | 3241792 | 12.1655 203 | 4.92611 | 41209 | 8365427 | 14.2478 
149 | 6.71141 | 22201 | 3307949 | 12.2006 204 | 4.90196 | 41616 | 8489664 | 14.2829 
|| | 
150 | 6.66667 | 22500 | 3375000 | 12.2474 || 205 | 4.87805 | 42025 | 8615125 | 14.3178 
I51 | 6.62252 | 22801 | 3442951 | 12.2882 | 206 | 4.85437 | 42436 8741816 | 14.3527 
152 | 6.57895 | 23104 | 3511808 | 12.3288 | 207 4.83092 | 42849 | 8869743 | 14.3875 
153 | 6.53595 | 23409 | 3581577 | 12.3693 208 | 4.80769 | 43264 | Sg98912 | 14.4222 
154 | 6.49351 | 23716 | 3652264 | 12.4097 209 | 4.78469 | 43681 | 9129329 | 14.4568 
155 | 6.45161 | 24025 | 3723875 | 12.4499 | 210 | 4.76190 | 44100 | 9261000 | 14.4914 
156 | 6.41026 | 24336 | 3796416 | 12.4900 211 | 4.73934 | 44521 | 9393931 | 14.5258 
157 6.36943 | 24649 | 3869893 | 12.5300 | 212 | 4.71698 | 44944 | 9525128 | 14.5602 
158 | 6.32911 | 24964 | 3944312 | 12.5098 | 213 | 4.69454 45369 9663507 | 14.5945 
159 | 6.28931 | 25281 | 4019679 | 12.6095 | 214 | 4.67290 | 45796 | 9800344 | 14.6287 
160 | 6.25000 | 25600 | 4096000 | 12.6491 ||| 215 | 4.65116 | 46225 | 9938375 | 14.6629 
161 | 6.21118 | 25921 | 4173281 | 12.6886 || 216 | 4.62963 | 46656 | 10077696 | 14.6969 
162 | 6.17284 | 26244 | 4251628 | 12.7270 | 217 | 4.60829 | 47089 | 10218313 | 14.7309 
163 6.13497 | 26569 | 4330747 | 12.7671 218 | 4.58716 | 47524 | 10360232 | 14.7648 
164 | 6.09756 | 26896 | 4410944 | 12.8062 || 219 4.50621 | 47961 | 10503459 | 14.7986 
165 | 6.06061.) 27225 | 4492125 | 12.8452 || 220 | 4.54545 | 48400 | 10648000 | 14.8324 
166 | 6.02410 | 275 4574290 | 12.8841 221 | 4.52489 | 48841 | 10793861 | 14.8661 
167 | 5.98802 | 27889 | 4657463 | 12.9228 222 | 4.50450 | 49284 | 10941048 | 14.8997 
168 | 5.95238 | 28224 | 4741632 | 12.9615 || 223 | 4.48430 | 49729 | 11089567 | 14.9332 
169 | 5.91716 | 28561 | 4826809 | 13.0000 || 224 | 4.46429 | 50176 | 11239424 | 14.9606 
| | 
170 | 5.88235 | 28900 | 4913000 | 13.0384 || 225 | 4.44444 | 50625 | 11390625 15.0000 
171 | 5.84795 | 29241 | 500021T | 13.0767 || 226 | 4.42478 | 51076 | 11543176 | 15.0333 
172 | 5.81395 | 29584 | 5088448 | 13.1149 | 227 | 4.40529 | 51529 | 11697083 | 15.0065 
173 | 5-78035 | 29929 | 5177717 | 13.1529 | 228 | 4.38596 | §1984.| 11852352 | 15.0997 
7a |ybe747 2 30h. 302 5268024 | 13.1909 | 229 | 4.36681 | 52441 | 12008989 | 15.1327 
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TABLE Q (continued). 17 


VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS, OF 
NATURAL NUMBERS. 


1000.4 ns \2 *h d ns \2 


4.34783 12167000 | 15.1658 : 31225 | 23149125 | 16.8819 
4.32900 12326301 | 15.1987 o 23393056 | 16.9115 
4.31034 12487168 | 15.2315 ; 2 32 23039903 | 16.9411 
4.29185 2 12649337 | 15.2643 47222 23887872 | 16.9706 
4.27350 12812904 | 15.2971 : 24137509 | 17.0000 


4.25532 | 55225 | 12977875 | 15.3207 24389000 | 17.0294 
4.23729 13144256 | 15.3023 : : 24042171 | 17.0587 
4.21941 13312053 | 15.3948 2 24897088 | 17.0880 
4.20168 13481272 | 15.4272 : Aes) || syste 
4.18410 21 | 13651919 | 15.4596 ; 25412184 | 17.1464 


4.16667 13524000 | 15.4919 : 25072375 | 17.1756 
4.14938 13997521 | 15.5242 . 25934330 | 17.2047 
4.13223 14172488 | 15.5563 : 209 | 26198073 | 17.2337 
4.11523 14348907 | 15.5885 : 26463592 | 17. 2627 
4.098 36 14526784 | 15.6205 ; 26730899 | 17.2916 


4.08163 14700125 | 15.6525 oe 27000600 | 17.3205 
4.06504 14886936 | 15.0844 } 6 272709001 | 17.3494 
4.04858 15069223 | 15.7162 3112 27543008 | 17.3781 
4.03226 15252992 | 15.7480 § 27818127 | 17.4069 
4.01606 | 62 15438249 | 15.7797 92 28094464 | 17.4356 


4.00000 |» 15625000 | 15.8114 5 28372625 | 17.4642 
3-98406 15813251 | 15.8430 .26 28652616 | 17.4929 
3.90825 | 63 16003008 | 15.8745 : 28934443 | 17.5214 
3.95257 16194277 | 15.9060 .246 864 | 29218112 | 17.5499 
3:93701 16387064 | 15.9374 : 29503629 | 17.5754 


3-92157 25 | 16581375 | 15.9687 : 29791000 | 17.6068 
3.90625 16777216 | 16.0000 5 21 | 30080231 | 17.6352 
3.89105 é 16974593 | 16.0312 3 30371328 | 17.6635 
3.87597 | 17173512 | 16.0624 ; 30064297 | 17.6918 
3.86100 17373979 | 16.0935 30959144 | 17.7200 


3.84615 17576000 | 16.1245 : 31255875 | 17-7482 
3-83142 17779581 | 16.1555 | 31554490 | 17.7764 
3.81679 17984728 | 16.1864 b 31855013 | 17.8045 
3.80228 18191447 | 16.2173 : 24 | 32157432 | 17.8320 
3-78788 18399744 | 16.2481 : 32461759 | 17.8606 


3-77358 | 70225 | 18609625 | 16.2788 3.12500 | 102400 | 32768000 | 17.8885 
3.75940 18821096 | 16.3095 3.11526 | 103041 17.9165 
3-74532 5 19034163 | 16.3401 3:10559 | 103684 | 17.9444 
3.73134 24 | 19248832 | 16.3707 3.09508 | 104329 | 33698267 | 17.9722 
AVA GG. \ 972 | 19465109 | 16.4012 3.08642 | 104976 | 34012224 | 18.0000 


3.70370 | 72900 | 19683000 | 16.4317 
3.69004 | 19902511 | 16,4621 
3.67647 20123048 | 16.4924 
3.66300 29 | 20346417 | 16,522 
3.64964 20570824 | 16.5529 


3.63636 25 | 20796875 16.5831 3.03030 | 108900 | 35937000 | 18.1659 
3.62319 21024576 | 16,6132 ; | | 36264691 | 18.1934 
361011 29 | 21253933 | 16.6433 : 22. 36594368 18.2209 
3.59712 284 | 21484952 | 16.6733 | ; 36926037 18.2483 
3.58423 21717639 | 16.7033 34 | 2. | 37259704 | 18.2757 


952000 | 16.7332 > | 2.98507 | 112225 | 37595375 18,3030 
| 16.7630 | 2h 37933050 | 18.3303 
16.7929 967 3 38272753 | 18.3576 
16.8226 .958 38614472 | 18.3848 
16.8523 : | 38958219 | 18.4120 


wN NW 
[OS ta! 


G2 WWW 


Q 
i) 
oO +. 


3.07692 | 105625 | 34328125 | 18.0278 
3.06748 | 106276 | 34645976 | 18.0555 
3.05810 | 106929 | 34965783 | 18.0831 
3-04878 | 107584 | 35287552 18.1108 

03951 | 108241 | 35611289 | 18.1384 


WOW ood 
 ) 


to 


\O CON D 


3-57143 
3:55872 
3.54610 
3-53357 


3.52113 


Ny dH HH 
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TABLE 9 (continued ). 


VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS 


OF NATURAL NUMBERS. 


n 1000.4 n> ne 2 x 1000.1 nt ate \% 
340 | 2.94118 | 115600 | 39304000 | 18.4391 || 395} 2.53165 | 156025 | 61629875 | 19.8746 
341 | 2.93255 | 116281 | 3965f821 | 18.4662 || 396] 2.52525 | 156816 | 62099136 | 19.8997 
342 | 2.92398 | 116964 | 40001688 | 18.4932 || 397] 2.51889 | 157609 | 62570773 | 19.9249 
343 | 2.91545 | 117649 | 40353607 | 18.5203 |] 398} 2.51256 | 158404 | 63044792 | 19.9499 
344 | 2.90698 | 118336 | 40707584 | 18.5472 || 399] 2.50627 | 159201 | 63521199 | 19.9750 
345 | 2.89855 | 119025 | 41063625 | 18.5742 || 400} 2.50000 | 160000 | 64000000 | 20.0000 
346 | 2.89017 | 119716 | 41421736 | 18.6011 || 4o1 | 2.49377 | 160801 | 64481201 | 20.0250 
347 | 2.88184 | 120409 | 41781923 | 18.6279 || 402 | 2.48756 | 161604 | 64964808 | 20.0499 
348 | 2.87356 | 121104 | 42144192 oe 403 | 2.48139 | 162409 | 65450827 | 20.0749 
349 | 2.86533 121801 | 42508549 | 18.6815 || 404} 2.47525 | 163216 | 65939264 | 20.0998 
350 | 2.85714 | 122500 | 42875000 | 18.7083 ||| 405} 2.46914 | 164025 | 66430125 | 20.1246 
351 | 2.84900 | 123201 | 43243551 | 18.7350 || 406] 2.46305 | 164836 | 66923416 | 20.1494 
352 | 2.84091 | 123904 | 43614208 | 18.7617 || 407] 2.45700 | 165649 | 67419143 | 20.1742 
353 | 2.83286 | 124609 | 43986977 | 18.7883 || 408} 2.45098 | 166464 | 67917312 | 20.1990 
354 | 2.82486 | 125316 | 44361864 | 18.8149 || 409} 2.44499 | 167281 | 68417929 | 20.2237 
355 | 2.81690 | 126025 | 44738875 | 18.8414 || 410 | 2.43902 168100 | 68921000 | 20.2485 
356 | 2.80899 | 126736 | 45118016 | 18.8680 || 411 | 2.43309 | 168921 | 69426531 | 20.2731 
387 | 2.80112 | 127449 | 45499293 | 18.8944 || 412] 2.42718 | 169744 | 69934528 | 20.2978 
358 | 2.79330 | 128164 | 45882712 | 18.9209 || 413 | 2.42131 | 170569 | 70444997 | 20.3224 
359 | 2.78552 | 128881 | 46268279 | 18.9473 || 414] 2.41546 | 171396 | 70957944 | 20.3470 
360 | 2.77778 | 129600 | 46656000 | 18.9737 ||| 415 | 2.40964 | 172225 | 71473375 | 20.3715 || 
361 | 2.77008 | 130321 | 47045881 | 19.0000 || 416 | 2.40385 | 173056 | 71991296 | 20.3961 
362 | 2.76243 | 131044 | 47437928 | 19.0263 || 417 | 2.39808 | 173889 | 72511713 | 20.4206 
363 | 2.75482 | 131769 | 47832147 19.0526 418 | 2.39234 | 174724 | 73034632 | 20.4450 
364 | 2.74725 | 132496 | 48228544 | 19.0785 || 419 | 2.38663 | 175561 | 73560059 | 20.4695 
| | 
365 | 2.73973 | 133225 | 48627125 | 19.1050 || 420 | 2.38095 | 176400 | 74088000 | 20.4939 
306 | 2.73224 | 133956 | 49027896 | 19.1311 |) 421 | 2.37530 | 177241 | 74618461 | 20.5183 
307 | 2.72480 | 134689 | 49430863 | 19.1572 22 | 2.36967 | 178084 | 75151448 | 20.5426 
368 | 2.71739 | 135424 | 49836032 | 19.1833 23 | 2.36407 | 178929 | 75656967 | 20.5670 
369 | 2.71003 | 136161 | 50243409 | 19.2094 24 | 2.35849 | 179776 | 76225024 20.5913 
370 | 2.70270 | 136900 | 50653000 | 19.2354 4} 425 | 2.35294 | 180625 | 76765625 | 20.6155 
371 | 2.69542 | 137641 | 51064811 | 19.2614 || 426] 2.34742 | 181476 | 77308776 | 20.6398 
372 | 2.68817 | 138384 | 51478848 | 19.2873 || 427 | 2.34192 | 182329 | 77854483 | 20.6640 
373 | 2-68097 | 139129 | 51895117 | 19.3132 || 428] 2.33645 | 183184 | 78402752 _ 20.6882 
374 | 2.67380 | 139876 | 52313624 | 19.3391 || 429] 2.33100 | 184041 78953589 | 20.7123 
375 | 2.66667 | 140625 | 52734375 | 19.3649 || 430] 2.32558 | 184900 | 79507000 | 20.7364 
376 | 2.65957 | 141376 | 53157376 | 19.3907 || 431 | 2.32019 | 185761 | 80062991 | 20.7605 
377 | 2.65252 | 142129 | 53582633 |.19.4165 |} 432] 2.31481 | 186624 | 80621568 | 20.7846 
378 | 2.64550 | 142884 | 54010152 | 19.4422 || 433] 2.30047 | 187489 81182737 | 20.8087 
379 | 2.63852 | 143641 | 54439939 | 19.4679 |) 434] 2.30415 | 188356 | 81746504 | 20.8327 
| 
380 | 2.63158 | 144400 | 54872000 | 19.4936 || 435 | 2.29885 | 189225 | 82312875 | 20.8567 
381 | 2.62467 | 145161 55306341 19.5192 || 436] 2.29358 | 190096 | 82881856 | 20.8806 
382 | 2.61780 | 145924 | 55742968 | 19.5448 || 437 | 2.28833 | 190969 | 83453453 | 20.9045 
383 | 2.61097 | 146689 | 56181887 | 19.5704 || 438] 2.28311 | 191844 | 84027672 | 20.9284 
384 | 2.60417 | 147456 | 56623104 | 19.5959 ||| 439] 2.27790 | 192721 | 84604519 | 20.9523 
385 | 2.59740 | 148225 | 57066625 | 19.6214 ||| 440 | 2.27273 | 193600 | 85184000 | 20.9762 
386 | 2.59067 | 148996 | 57512456 | 19.6469 || 441 | 2.26757 | 194481 | 85766121 | 21.0000 
387 | 2.58398 | 149769 | 57960603 | 19.6723 || 442] 2.26244 | 195364 | 86350888 | 21.0238 
388 | 2.57732 | 150544 | 53411072 | 19.6977 || 443 | 2.25734 | 196249 | 86938307 | 21.0476 
389 | 2.57069 | 151321 | 58863869 | 19.7231 |] 444] 2.25225 | 197136 | 87528384 | 21.0713 
390 | 2.56410 | 152100 | §9319000 | 19.7484 || 445 | 2.24719 | 198025 | 88121125 | 21.0950 
391 | 2.55754 | 152881 | 59776471 | 19.7737 446 | 2.24215 | 198916'| 88716536 | 21.1187 
392 | 2.55102 | 153664 | 60236288 | 19.7990 || 447 | 2.23714 | 199809 | 89314623 | 21.1424 
393 | 2:54453 | 154449 | 60698457 | 19.8242 || 448] 2.23214 | 200704 | 89915302 | 21.1660 
394 | 2.53807 | 155236 | 61162984 | 19.8494 || 449 | 2.22717 | 201601 | 90518849 | 21.1896 
| a 
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TABLE 9 (continued), me) 
VALUES OF. RECIPROCALS, SQUARES, CUBES, AND QUATRE ROOTS 
OF NATURAL NUMBERS, 
n 1000.4 ne 23 iz il x 1000.) 2 ne \2 
450 | 2.22222 | 202500 | gt125000 | 21.2132 || 505 | 1.98020| 255025 128787625 | 22.4722 
451 | 2.21729 | 203401 | 91733851 | 21.2368 |] 506 | 1.97628 | 256036 | 129554216 | 22.4944 
452 | 2.21239) 204304 | 92345408 | 21.2603 || 507 | 1.97239] 257049 | 130323843 | 22.5167 
453 | 2.20751 | 205209 | 92959677 | 21.2838 || 508 | 1.96850 | 258064 | 131090512 | 22.5389 
454 | 2.20264 | 206116 | 93570664 | 21.3073 |] 509 | 1.96464] 259081 | 131872229 | 22.5010 
455 | 2.19780 | 207025 94196 75 | 21.3307 || 510 | 1.96078 | 260100 | 132651000 | 22.5832 
456 2.19298 207930 | 94818816 | 21.3542 || 511 | 1.95695 | 261121] 133432831 | 22.6053 
457 | 2.18818 | 208849 | 95443993 | 21.3776 || 512 | 1.95312 | 262144 | 134217728 | 22.6274 
458 | 2.18341 209764 96071912 | 21.4009 || 513 | 1.94932 | 263169 | 135005697 | 22.6495 
459 | 2.17865 | 210081 | 96702579 | 21.4243 || 514 | 1.94553 | 264196 | 135796744 | 22.6710 
460 | 2.17391 | 211600 | 97336000 | 21.4476 || 515 | 1.94175 | 265225 | 136590875 | 22.6936 
461 | 2.16920 | 212521 97972181 21.4709 || 516 | 1.93798 | 266256 137 358096 22.7150 
462 | 2.16450) 213444 | 98611128 | 21.4942 || 517 | 1.93424 | 267289 | 138188413 | 22.7376 
463 | 2.15983 | 214369 | 99252847 | 21.5174 || 518 | 1.93050 | 268324 138991532 22.7590 
464 | 2.15517 | 215296 | 99897344 | 21-5407 || 519 | 1.92678 | 269361 | 139798359 | 22.7816 
465 | 2.15054 | 216225 | 100544625 | 21.5639 || 520 | 1.92308 | 270400 | 140608000 | 22.8035 
466 | 2.14592 | 217156 | 101194696 | 21.5870 || 521 | 1.91939] 271441 | 141420761 22.8254 
467 | 2.14133 | 218089 | 101847563 | 21.6102 22 | 1.91571 | 272484 | 142236648 | 22.8473 
468 | 2.13675 | 219024 | 102503232 | 21.6333 23 | 1.91205 | 273529 | 143055667 | 22.8692 
469 | 2.13220 | 219961 | 103161709 | 21.6564 |) 524 1.90840 274570 | 143877824 | 22.8910 
470 | 2.12766 | 220900 | 103823000 | 21.6795 || 525 | 1.90476 | 275625 | 144703125 | 22.9129 
471 | 2.12314 | 221841 | 104487111 | 21.7025 ||| 526 | 1.90114 | 276676 | 145531576 | 22.9347 
472 | 2.11864 | 222784 | 105154048 21.7250 | 527 | 1.89753 | 277729 | 146363183 | 22.9565 
473 | 2-11416| 223729 | 105823817 | 21.7486 || 528 | 1.89394 278784 147197952 22.9783 
474 | 2.10970 | 224676 | 106496424 | 21.7715 ||| 529 | 1.89030 | 279841 | 148035889 | 23.0000 
475 | 2.10520| 225625 | 107171875 |. 21.7945 || 530 1.88679 280900 | 148877000 | 23.0217 
476 | 2.10084 | 226576 | 107850176 | 21.8174 ||| 531 1.88324 281961 | 149721291 | 23.0434 
477 | 2.09044 | 227529 | 108531333 | 21.8403 || 532 | 1.87970 | 283024 150508768 23,0034 
478 | 2.09205 | 228484 | 109215352 | 21.8632 ||| 533 | 1.87617 | 284089 | 151419437 | 23.0 
479 | 2.08768 | 229441 | 109902239 | 21.8861 || 534 | 1.87266) 285156 | 152273304 | 23.1084 
480 | 2.08333 | 230400 | 110592000 | 21.9089 ||| 535 | 1.86916 | 286225 | 153130375 | 23.1301 
481 | 2.07900 | 231361 111284641 21.9317 ||| 530 | 1.86567 | 287296 | 153990656 | 23.1517 
482 | 2.07469 | 232324 | II 1980168 21.9545 || 537 | 1.860220 | 288369 | 154854153 | 23-1733 
"483 | 2.07039 | 233289 | 112678587 | 21.9773 || 538 | 1.85874 | 289444 | 155720872 | 23.1948 
484 | 2.06612 | 234256 | 113379904 | 22.0000 ||| 539 | 1-85529| 290521 | 156590819 | 23.2164 
485 | 2.06186 | 235225 | 114084125 | 22.0227 || 540 | 1.85185 | 291600 | 157464000 | 23.2379 
486 | 2.05761 | 236196 | 114791256 | 22.0454 || 541 | 1.84843 | 292681 | 158340421 | 23.2594 
487 | 2.05339 | 237169 | 115501303 | 22.0081 || 542 | 1.84502 | 293764 | 159220088 | 23.2809 
488 | 2.04918 | 238144 | 116214272 | 22.0907 | 543 1.84162 294849 160103007 23.3024 
489 | 2.04499 | 239121 | 116930169 | 22.1133 || 544 1.83824 | 295936 | 160989184 | 23.3238 
490 | 2.04082 240100 | 117649000 | 22.1359 || 545 | 1.83486 | 297025 | 161878625 | 23.3452 
491 | 2.03666 | 241081 | 118370771 | 22.1585 || 546 1.83150 298116 | 162771336 | 23.3666 
492 | 2.03252 | 242064 | 119095488 | 22.1811 || 547 | 1.82815] 299209 | 163667323 | 23.3880 
493 | 2.02840 | 243049 | 119823157 | 22.2036 || 548 | 1.82482 | 300304 | 164566592 23-4098 
494 | 2.02429 | 244036 | 120553784 | 22.2261 || 549 1.82149 | 301401 | 165469149 | 23.4307 
495 | 2.02020 | 24502 121287375 | 22.2486 || 550 | 1.81818 | 302500 16637 5000 23-4521 
496 | 2.01613 aoe 122023930 |, 22.2711 || 551 1.81488 303601 aie 23.4734 
497 | 2.01207'| 247009 | 122763473 | 22.2935 ||| 552 wager | 304704 ay ues 08 23-4947 
498 | 2.00803 | 248004 | 123505992 | 22-3159 H] 553 1.80532 | a re TOQI pels 23 51 - 
499 | 2.00401 | 249001 | 124251499 | 22.3383 ||| 554 | 1.80505 | 306916 | 170031464 | 23.5372 
is | 2 8 2 8 
500 | 2.00000 | 250000 | 125000000 | 22.3607 || 555 | 1.80180 | 308025 | 170953875 | 23.5584 
sor | 1.99601 perc! 125751501 | 22.3830 || 556 | 1.79856 | 309136 oe 23-5797 
502 | 1.99203] 252004 | 126506008 | 22.4054 || 557 | 1-79533 | aes 17260 93 aie 
503 | 1.98807 | 253009 | 127263527 | 22.4277 558 | 1 Be I} 3 ae ae 2 pe ts 
804 | 1.98413 | 254016 | 128024064 | 22.4499 ||| 559 | 1-70091 | 312401 | 174070079 | 23.0432 
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TABLE 9 (continued). 


VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS 
OF NATURAL NUMBERS. 


nx | 1000.3 n? n8 \z 1000.1 n? 1 \7 
560 | 1.78571 | 313600 | 175616000 | 23.6643 1.62602 | 378225 | 232608375 | 24.7992 
561 | 1.78253 | 314721 | 176558481 | 23.6854 || 1.62338 | 379450 233744590 24.8193 
562 | 1.77930 | 315844 | 177504328 | 23.7005 1.62075 | 380689 | 234885113 | 24.8395 
563 | 1.77620 | 316969 | 178453547 | 23.7276 1.61812 | 381924 | 236029032 | 24.8596 
564 | 1.77305 | 318090 | 179406144 | 23.7457 1.61351 | 383161 | 237176659 | 24.8797 
565 | 1.76991 | 319225 | 180362125 | 23.7697 1.61290 | 384400 | 238328000 | 24.8998 
566 | 1.76678 | 320356 | 181321496 | 23.7908 1.61031 | 385641 | 239483061 | 24.9199 
507 | 1.76367 | 321489 | 182284263 | 23.8118 1.60772 | 386884 | 240641848 | 24.9399 
568 | 1.76056 | 322624 | 183250432 | 23.8328 1.60514 | 388429 | 241804367 | 24.9600 
569 | 1.75747 | 323761 | 184220009 | 23.8537 1.60256 | 389376 | 242970624 | 24.9800 
570 | 1.75439 | 324900 | 185193000 | 23.8747 1.60000 390625 | 244140625 | 25.0000 
571 | 1.75131 | 326041 186169411 | 23.8956 1.59744 | 391876 | 245314376 | 25.0200 
572 | 1.74825 | 327184 187149245 23-9105 1.59490 |-393129 | 246491883 | 25.0400 
573 | 1-74520 | 328329 | 188132517 | 23-9374 | 1.59236 | 394384 247 67 31 52 25-0599 
574 | 1-74216 | 329476 | 189119224 | 23-9583 | 1.58983 395641 | 248858189 | 25-0799 
575 | 1.73913 | 330625 | 190109375 | 23-9792 1.58730 | 396900 | 250047000 | 25.0998 
576 | 1.73611 | 331776 | 191102976 | 24.0000 |} 1.58479 | 398161 | 251239591 | 25-1197 
577 | 1.73310 | 332929 | 192100033 | 24.0208 1.58228 | 399424 | 252435968 | 25.1396 | 
578 | 1.73010 | 334084 | 193100552 | 24.0416 || 1.57978 | 400689 | 253636137 | 25.1595 
579 | 1.72712 | 335241 | 194104539 | 24.0624 || 1.57729 | 401950 | 254840104 | 25.1794 
580 | 1.72414 | 336400 | 195112000 | 24.0832 1.57480 | 403225 | 256047875 | 25.1992 
581 | 1.72117 | 337561 | 190122941 | 24.1039 1.57233 | 4044960 | 257250456 | 25.2190 
582 | 1.71821 338724 197137305 | 24.1247 1.56986 | 405769 | 258474853 | 25.2389 
583 | 1.71527 | 339889 | 198155287 | 24.1454 |} 1.56740 | 407044 | 259694072 25.2587 | 
_ 584 | 1.71233 | 341056 | 199176704 | 24.1661 || 1.56495 | 408321 | 260917119 | 25.2784 
585 | 1.70940 | 342225 | 200201625 | 24.1868 || 1.56250 | 409600 | 262144000 | 25.2982 
586 | 1.70648 | 343390 | 2012300560 | 24.2074 1.56006 | 410881 | 263374721 | 25.3180 
587 1.70358 | 344509 | 2022602003 | 24.2281 1.55763 | 412164 | 264609288 | 25.3377 
588 | 1.70068 | 345744 | 203297472 | 24.2487 1.55521 413449 | 205847707 | 25.3574 
589 | 1.69779 | 346921 | 204336469 | 24.2693 1.55280 | 414736 / 267089984 | 25-3772 
590 | 1.69492 | 348100 | 205379000 | 24.2899 1.55039 | 416025 | 268336125 25.3969 
501 1.69205 349281 | 200425071 | 24.3105 1.54799 | 417316 269586136 | 25.4165 
592 | 1.68919 | 350464 | 207474688 | 24.3311 1.54560 | 418609 | 270840023 | 25.4362 
593 | 1.68634 351649 208527857 | 24.3516 1.54321 | 419904 | 272097792 | 25.4558 1 
594 | 1.63350 | 352836 | 209554554 | 24.3721 1.54083 421201 273350449 25-4755 
595 | 1.68067 | 354025 | 210644875 | 24.3926 1.53846 | 422500 | 274625000 | 25.4951 
596 | 1.67785 | 355216 | 211708736 | 24.4131 1.53610 | 423801 | ee ae 
597 1.67504 | 350409 | 212776173 | 24.4336 1.53374 | 425104 | 277167808 | 25.5343 
598 | 1.67224 | 357604 | 213847192 | 24.4540 1.53139 | 426409 | 278445077 | 25.5539 
599 | 1.66945 | 358801 | 214921799 | 24.4745 1.52905 | 427716 | 279726264 | 25.5734 
600 | 1.66667 | 360000 | 216000000 | 24.4949 1.52672 | 429025.| 2810113 25.5930 
6or | 1.66389 | 361201 | 217081801 | 24.5153 1.52439 | 430336 | eSuecoe Neer 
602 1.66113 302404 | 218167208 | 24.5357 1.52207 | 431649 | 283593303 | 25.6320 
603 | 1.65837 | 363609 | 219256227 | 24.5561 1.51976 | 432964 | 284890312 | 25.6515 
604:| 1.65563 | 3604816 | 220348864 | 24.5764 1.51745 | 434281 | 286191179 | 25.6710 
605 | 1.65289 | 366025 | 221445125 |’ 24.5967 L.srsrs | 435600 | 287496000 | 25.6 
606 | 1.65017 367236 222545016 | 24.6171 1.51286 | 430921 288804781 sae 
607 | 1.64745 | 368449 | 223645543 | 24.0374 1.51057 | 438244 | 290117528 | 25.7204 
608 | 1.64474 | 369664 | 224755712 | 24.6577 1.§0830 | 439569 | 291434247 | 25.7488 
609 | 1.64204 | 370881 | 225806529 | 24.6779 | 1.50602 | 440896 | 292754944 | 25.7682 
61LO | 1.63934 | 372100 | 226981000 | 24.6982 1.50376 | 442225 | 29407962¢ | 2 

611 | 1.63666 | 373321 2280991 31 24.7184 1.50150 | 443556 | aR ee ae 
612 | 1.63399 | 374544 | 229220928 | 24.7386 1.49925 | 444889 | 296740963 | 25.8263 
613 | 1-63132 | 375769 | 230346397 | 24.7588 1.49701 | 446224 | 298077632 25.8467 
614 | 1.62866 | 376996 | 231475544 ici) 669 | 1.49477 | 447501 | 299418 309 25.8050 | 
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TABLE 9 (continued). : DL 


VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS 
OF NATURAL NUMBERS. 


1 2 3 1 2 3 
1000.8 | 7 n 1000.) n mv yz 


1.49254 | 448900 | 300763000 : 1.37931 | 525625 | 381078125 | 26.9258 
1.49031 | 450241 | 302111711 ; 527076 | 382657176 | 26.9444 
1.48810 | 451584 | 303464448 : : 528529 | 384240583 | 26.9629 
1.48588 | 452929 | 304821217 : 28 | I. 529984 | 385825352 | 26.9815 
1.48368 | 454276 | 306182024 .96 1.37174 | 531441 | 387420489 | 27.0000 


1.48148 | 455625 | 307546875 ; 1.36986 | 532900 | 389017000 | 27.0185 
1.47929 | 450976 | 308915776 | 26. 1.30799'| 534361 | 390617891 | 27.0370 
1.47710 458329 310288733 |- 26. 1.36612 | 535524 | 392223168 | 27.0555 
1.47493 | 459684 | 311665752 | 20. 1.36426 | 537289 | 393832837 | 27.0740 
1.47275 | 401041 | 313046839 | 26. +36240 | 538756 | 395446904 | 27.0924 


1.47059 | 462400 | 314432000 | 26, -36054 | 540225 | 397065375 | 27-1109 
1.46843 | 463761 | 315821241 : 1.35870 | 541696 | 398688256 | 27.1293 
1.46628 | 465124 | 317214568 | 26. -35685 | 543169 | 400315553 | 27-1477 
1.46413 | 466489 | 318611987 5 -35501 | 544044 | 401947272 | 27.1662 
1.46199 | 467856 | 320013504 L y | 1.35318 | 546121 | 403583419 | 27.1846 


1.45985 469225 419125 | 26. -35135 | 547600 | 405224000 | 27.2029 
1.45773 | 470596 828856 | 26. 34953 | 549081 40686902 1 27.2213 
1.45560 | 471969 . 34771 | 550504 | 408518488 | 27.2397 
1.45349 | 473344 | 325660672 .2298 | “34590 | 552049 | 410172407 | 27.2580 
1.45138 | 474721 | 327082769 | 26.2 -34409 | 553530 | 411830784 | 27.2764 


1.44928 | 476100 | 328509000 b 34228 | 555025 | 413493625 | 27.2047 
1.44718 | 477481 | 329939371 2 -34048 | 550516 | 415160936 | 27.3130 
1.44509 | 478864 | 331373888 | 26. -33869 | 558009 | 416832723 | 27.3313 
1.44300 450249 | 332812557 | 20.32 “33690 | 559504 | 418508992 | 27.3496 
1.44092 | 481636 | 334255354 | 20. 33511 | 501001 | 420189749 | 27.3679 


1.43885 | 483025 | 335702375 | 26.362 -33333 | 562500 | 421875000 | 27.3861 
1.43678 | 484416 | 337153530 26. -33150 | 564001 | 423564751 | 27.4044 
1.43472 | 485809 | 338608573 26. 32979 | 565504 | 425259008 | 27.4226 
1.43266 | 487204 | 340368392 | 20. -32802 | 567009 | 420957777 | 27.4408 
1.43062 | 488601 | 341532099 439 .32626 | 563516 | 428661064 | 27.4591 


1.42857 | 490000 | 343000000 ; 32450 | 570025 | 430368875 | 27.4773 
1.42053 | 491401 | 344472I01 | 26. 32275 | 571530 | 4320812160 | 27.4955 
1.42450 | 492804 | 345948408 | 26. -32100 | §73049 | 433798093 | 27.5136 
1.42248 | 494209 | 347428927 | 20.514 31926 | 574564 | 435519512 | 27.5318 
1.42045 | 495016 | 348913664 hs | 34752 | 570081 | 437245479 | 27-5500 


1.41844 | 497025 | 350402625 | 26. 31579 | 577600 | 438976000 | 27.5681 
1.41643 | 498436 | 351895816 ; -31406 | 579121 440711081 | 27.5862 
1.41443 | 499849 | 353393243 | 20. 2 | 1.31234 | 580644 | 442450728 | 27.6043 
1.41243 | 501264 | 354894912 | 26.608 31062 582169 444194947 | 27.6225 
1.41044 | 502681 | 350400829 | 26.6271 64 | 1.30890 | 583696 | 445943744 | 27.6405 


1.40845 | 504100 357911000 | 26.6458 -30719 585225 | 447697125 | 27.6586 
1.40647 | 505521 | 359425431 | 26.6646 5 | 1.30548 | 586756 | 449455090 | 27.6767 
1.40449 | 500944 | 300944128 | 26.0833 30378 585289 451217003 27.0948 
1.40252 | 508369 | 362467097 | 26.7021 .30208 | 589824 | 452984832 | 27.7128 
1.40056 | 509796 3630994344 | 26.7208 -30039 | 591361 | 454756609 | 27.7308 


6.7395 | -29870 | 592900 | 456533000 | 27.7489 
7582 -29702 | 594441 | 458314011 | 27.7669 
7769 || -29534 | 595984 | 460099648 | 27.7849 
7955 -29300 | 597529 | 461889917 | 27.8029 
6.8142 29199 | 599076 | 463084824 | 27.8209 


1.39860 } 511225 | 305525875 
1.39665 | 512656 | 367061696 
1.39470 | 514089 | 368601813 
1.39276 | 515524 | 370146232 
1.39082 | 516961 | 371694959 


1.3888 18400 373248000 | 26.8328 29032 | 600625 | 465484375 | 27.8388 
T8606 ae 374805361 26.8514 28866 | 602176 | 467288576 | 27.8568 
1.38504 | 521284 | 376367048 | 26.8701 -28700 | 603729 | 469097433 | 27.8747 
1.38313 | 522729 | 377933007 | 26.8887 .28535 605284 470910952 | 27.8927 
1.38122 | 524176 | 379503424 | 26.9072 28370 | 606841 | 472729139 | 27.9106 
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TABLE Q (continued). 


VALUES OF RECIPROCALS, SQUARES, CUBES, AND SQUARE ROOTS 


OF NATURAL NUMBERS. 


ns | yz 


SMITHSONIAN TABLEs. 


1000.1 70? n \2 n tooo.) n? 

1.28205 | 608400 | 474552000 | 27.9285 | 835 | 1.19760 | 697225 582182875 | 28.8964 
1.28041 | 609961.| 476379541 | 27.9464 1.19617 | 698896 | 584277056 | 28.9137 
1.27877 | 611524 | 478211768 | 27.9643 |] 837 | 1.19474 | 700569 | 586376253 | 28.9310 
1.27714 | 613089 | 480048687 | 27.9821 ||| 838 | 1.19332 | 702244 | 588480472 | 28.9482 
1.27551 | 614656 | 481890304 | 28.0000 1.19190 | 703921 | 590589719 | 28.9055 
1.27389 | 616225 | 483736625 | 28.0179 ||| 840 | 1.19048 | 705600 | 592704000 |, 28.9828 
1.27226 | 617796 | 485587656 | 28.0357 || 841 | 1.18906 | 707281 | 594823321 | 29.0000 
1.27065 | 619369 | 487443403 | 28.0535 842 1.18765 | 708964 | 596947688 | 29.0172 
1.26904 | 620944 | 489303872 | 28.0713 || 843 | 1.18624 710649 | 599077107 | 29.0345 
1.26743 | 622521 | 491169069 |- 28.0891 || 844 | 1.18483 | 712336 | 601211584 | 29.0517 
1.26582 | 624100 | 493039000 | 28.1069 ||| 845 | 1.18343) 714025 | 603351125 | 29.0689 
1.26422 | 625681 | 494913671 | 28.1247 || 846 | 1.18203 | 715716 | 605495736 | 29.0861 
1.26263 | 627264 | 4960793088 | 28.1425 ||| 847 | 1.18064 | 717409 | 607645423 | 29.1033 
1.26103 | 628849 | 498677257 | 28.1603 || 848 | 1.17925 | 719104 | 609800192 | 29.1204 
1.25945 | 630436 | 500566184 | 28.1780 || 849 | 1.17786 | 720801 | 611960049 | 29.1376 
1.25786 | 632025 | 502459875 | 28.1957 || 850 | 1.17647 | 722500 | 614125000 | 29.1548 
1.25628 | 633616 | 504358336 | 28.2135 || 851 | 1.17509] 724201 | 616295051 | 29.1719 
1.25471 | 635209 | 506261573 | 28.2312 || 852 | 1.17371 | 725904 | 618470208 | 29.1890 
1.25313 | 636804 | 508169592 | 28.2489" |] 853 | 1.17233 | 727609 | 620650477 | 29.2062 
1.25150 | 638401 | 510082399 | 28.2666 || 854 | 1.17096 | 729316 | 622835864 | 209.2233 
1.25000 | 640000 | 512000000 | 28.2843 || 855 | 1.16959 | 731025 | 625026375 | 29.2404 
1.24844 | 641601 | 513922401 | 28.3019 || 856 | 1.16822 | 732736 | 627222016 | 29.2575 
1.24088 | 643204 | 515849608 | 28.3196 || 857 | 1.16686 | 734449 | 629422793 | 29.2746 
1.24533 | 644809 | 517781627 | 28.3373 || 858 | 1.16550 | 736164 | 631628712 | 29.2916 
1.24378 | 646416 | 519718464 | 28.3549 || 859 | 1.16414 | 737881 | 633839779 | 29.3087 
1.24224 | 648025 | 521660125 | 28.3725 || 860 | 1.16279 | 739600 | 636056000 | 29.3258 
1.24069 | 649636 | 523606616 | 28.3901 || 861 | 1.16144 | 741321 | 638277381 | 20.3428 
1.23916 | 651249 | 525557943 | 28.4077 || 862 | 1.16009 | 743044 | 640503928 | 29.3598 
1.23762 | 652864 | 527514112 | 28.4253 || 863 | 1.15875 | 744769 | 642735647 | 29.3769 
1.23609 | 654481 | 529475129 | 28.4429 || 864 | 1.15741 | 746496 | 644972544 | 29.3939 
1.23457 | 656100 | 531441000 | 28.4605 || 865 | 1.15607 | 748225 | 647214625 | 29.4109 
1.23305 657721 | 533411731 | 28.4751 ||) 866 | 1.15473 | 749956 | 649461896 | 29.4279 
1.23153 | 659344 | 535387328 | 28.4956 1.15340 | 751659 | 651714363 | 29.4449 
1.23001 | 660969 | 537367797 | 28.5132 1.15207 | 753424 | 653972032 | 29.4618 
1.22850 | 662596 | 539353144 | 28-5307 1.15075] 755161 | 656234909 | 29.4788 
1.22699 | 664225 | 541343375 | 28.5482 1.14943 | 756900 | 658503000 | 29.4958 
1.22549 | 665856 | 543338496 | 28.5657 1.14811 | 758641 | 660776311 | 29.5127 
1.22399 | 667489 | 545338513 | 28.5832 1.14679 | 760384 | 663054848 | 29.5206 
1.22249 | 669124 | 547343432 | 28.6007 1.14548 | 762129 | 665338617 | 29.5466 
1.22100 | 670761 | 549353259 | 28.6182 1.14416 | 763876 | 667627624 | 29.5635 
1.21951 | 672400 | 551368000 | 28.6356 1.14286 | 765625 | 669921875 | 29.5804 
1.21803 | 674041 | 553387661 | 28.6531 1.14155 | 767376 | 672221376 | 29.5973 
1.21655 | 675684 | 555412248: | 28.6705 1.14025 | 769129 | 674526133 | 29.6142 
1.21507 | 677329 | 557441707 | 28.6880 1.13895 | 770884 | 676836152 | 20.6311 
1.21359 | 678976 | 559476224 | 28.7054 1.13766 | 772641 | 679151439 | 29.6479 
1.21212 680625 561515625 | 28.7228 1.13636 | 774400 | 681472000 | 29.6648 
1.21005 682276 563559970 | 28.7402 1.13507 | 776161 | 683797841 | 29.6816 
1.20919 683929 565609283 | 28.7576 1.13379 | 777924 | 686128968 | 29.6985 
1.20773 | 685584 | 567663552 | 28.7750 1.13250 | 779689 | 688465387 | 29.7153 
1.20627 | 687241 | 569722789 | 28.7924 1.13122 | 781456 | 690807104 | 29.7321 
1.20482 | 688900 | 571787000 | 28.8097 1.12994 | 783225 | 693154126 | 20.748 
1.20337 | 690561 | 573856191 | 28.8271 1.12867 | 784996 soca a es 
1.20192 692224 | 57 5930368 28.8444 1.12740 | 786769 | 697864103 | 29.782 
1.20048 | 693889 | 578009537 | 28.8617 1.12613 | 788544 | 700227072 | 29.7993 
I Eee 695556 | 580093704 | 28.8791 1.12486 | 790321 | 702595369 9 S161 
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TABLE 9 (continued). 


VALUES OF RECIPROGALS, SQUARES, CUBES, AND EAS 
OF NATURAL NUMBERS. 


23 
ROOTS 


1000.) 


nn? 


n° 


\# 


914 


915 
916 
917 
g18 
919 

920 
g2t 
922 
23) 
924 


925 
926 
Ey 
928 
925 

930 
O3E 
952 
933 
934 


935 
936 
937 
938 
939 


940 
941 
942 
943 
944 


12360 
512233 
12108 
11982 
11857 


a0732 
-11607 
T1483 
WGI) 
SEIS 


-IIIII 
10988 
10865 
10742 
-10619 


.10497 
1037 5 
10254 
10132 
-IOOIT 


1.09890 
1.09769 
1.09649 
1.09529 
1.09409 


1.09290 
1.09170 
I.09051 
1.08932 
1.08814 


1.08696 
1.08578 
1.08460 
1.08342 
1.08225 


1.08108 
1.07991 
1.07875 
1.07759 
1.07643 


1.07527 
1.07411 
1.07296 
1.07181 
1.07066 


1.06952 
1.06838 
1.06724 
1.06610 
1.06496 


1.06383 
1.06270 
1.00157 
1.06045 
1.05932 


792100 
793881 
795664 
797449 
799230 


801025 
802516 
804609 
806404 
808201 


810000 
811801 
813604 
815409 
$17216 


819025 
820836 
822649 
824464 
826281 


828100 
829921 
831744 
833509 


835396 


837225 
839056 
840889 
842724 
844561 


846400 
848241 
850084 
851929 
853776 


855625 
857476 
859329 
861184 
$63041 


864900 
866761 
868624 
870489 
872356 


874225 
876096 
877969 
879844 
881721 


883600 
885481 
887364 
889249 
891136 
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704969000 
TTSIIE! 
709732288 
712121957 
714516954 


716917375 
719323130 
721734273 
724150792 
726572099 


729000000 
732432701 
733870808 
730314327 
738763264 


741217625 


743077416 
746142643 
748613312 
751089429 


75357 1000 
750058031 
758550528 
761048497 
763551944 


76606087 5 
76857 5296 
771095213 
77 3020632 
776151559 


778688000 
781229961 
783777448 
786330467 
788889024 


791453125 
794022776 
796597983 
7991787 52 
801765059 


804357000 
806954491 


809557 508 
812106237 


814780504 


817400375 
820025850 
822650953 
825293672 
827930019 
830584000 
833237621 
835896888 
838561807 
841232384 


RN HHH DH 


29.9500 
29.9066 
29-9833 


30.0000 
30.0167 
30-9333 
30.0500 


30.0666 


30.0832 
30.0998 
30.1164 
30.1330 
30.1496 


30.1662 
30.1828 
30-1993 
30.2159 
30.2324 


30.2490 
30.2655 
30.2820 


30.3150 
SESE) 


30-3645 
30. 3809 
30-3974 


30.4138 
30.4302 
30-4467 
30.4631 
30-4795 


30-4959) 
30.5123 
30.5287 
SDSGSO 
30.5614 


30.5778 
30. 5941 


30.6268 
30-6431 


30.6594 
30.6920 


30.7083 
30.7246 


30.298 5 | 


30.3480" 


30.6105 |] 


30.67 57 | 


945 


| 946 


947 
948 
949 


|| 950 
BOSS || 


5 
O52 
953 
954 


955 
950 
957 
958 
959 


1.05820 
1.05708 
HONS) 
1.05485 
TO5374, 


1.05263 
1.05152 
1.05042 
1.04932 
1.04822 


1.04712 
1.04603 
1.04493 
1.04354 
1.04275 


1.04167 
1.04058 
1.03950 
1.03542 
OO NO4 


1.03627 
1.03520 
1.03413 
1.03306 
1.03199 


1.03093 
1.02987 
1.02881 
1.02775 
1.02669 


1.02564 
1.02459 
1.02354 
1.02249 
1.02145 


1.02041 


1.01937 | 


1.01833 


1.01729 
1.01626 


1.01523 | 


1.01420 
1.01317 
1.01215 
L.OLII2 


I.OLOIO 
1.00908 


1.00806 | 


1.00705 
1.00604 


1.00503 
1.00402 
1.00301 
1.00200 
1.00100 


893025 
894916 
896809 
898704 
goo6ol 
902500 
904401 


906304 | 


908209 
QI1o116 


912025 
913936 
915549 
917704 
919681 


921600 
923521 
925444 
927 369 
929296 


931225 
933156 
935089 
937924 
938961 


940900 
942841 
944754 
946729 
948676 


950625 
952576 
954529 
956484 
958441 


960400 
962361 
964324 
966289 
968256 


970225 
972196 
974169 
976144 
978121 


980100 
98208 I 
984064 
986049 
988036 


990025 
992016 
994009 
996004 
998001 


34390862 5 
p40500500 


849278123 

85197 1302 
854670349 
857375000 
860085351 
862801408 
865523177 
865250664 


870983875 


873722816 


876467493 
879217912 
881974079 
8847 36000 
887 5036081 
890277128 
893050347 
8955841344 


898632125 


901428696 


904231063 
O07 039234 
9098 53209 


912673000 


915498611 
9183 30048 
921167317 
924010424 


9268 59375 


929714176 


932574833 
935441352 
935313739 


941192000 


944070141 
946966168 


949862087 


952763904 


955671625 
958585256 
g61 504803 
964430272 
967 361669 


970299000 
973242271 
976191488 
979146657 
982107784 


98 507 4875 
988047936 
99102697 3 
994011992 
997002999 


STS 
30-7571 
| 30-7734 
30.7896 
30.8058 


30.8221 
30.5383 
30-5545 
30-8707 
30.8869 


| 30-9031 
30.9192 
39-9354 
30.9516 
30-9677 


30-9839 
31.0000 
31.0161 
31.0322 
31.0483 


31.0644 
31.0805 
31.0966 
Benue, 
31.1288 


31.1448 
-1609 
1769 
.1929 
2090 


.2250 
.2410 
.2570 


31.5278 


31-5436 
31.5595 
31-5753 

31.5911 |f 
31.6070 
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TABLE10 (continued). 25 
LOGARITHMS. 


2625 
2648 


2672 
2695 
2718 
2742 
2705 


2788 
2810 
2833 
2856 
2878 


2900 
2923 
2045 
2967 
199 | 2989 2991 
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26 i TABLE 11. 
LOGARITHMS. 
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TABLE 11 (continued). 27 

LOGARITHMS. 
N. | 0 1 2 3 4 5 6 7 Saue9 par 

Dy 25) San 5S 

55 | 7404 7412 7419 7427 7435 7443 7451 7459 7466 7474/1 | 2] 2] 31 4 
56 | 7482 7490 7497 7505 7513 7520 75287536 7543 7551/1) 2/2/31) 4 
57 17559 7566 7574 7582 7589 7597 7604 7612 7619 7627] 1] 2| 2) 3) 4 
58 | 7634 7642 7649 7657 7064 7672 7679 ©7686 7694 7701] r| 1] 2] 3) 4 
Bye 209" 9 772977723 °773% 77387745 7782 7760 7707 7774| 1 | 1) 213 Ig 
60 | 7782 7789 7796 7803 7810 7818 7825 7832 7839 7846] 1) 1 | 2 
61 | 7853 7860 7868 7875 7882 7889 7896 7903 7910 7017] 1 | 1 | 2 : : 
62 | 792 7931 7938. 7945 7952 7959 7966 7973 7980 7987] 1} 1 | 2| 3] 3 
63 | 7993 8000 8007 8014 8021 8028 8035 8041 8048 8055] 1 | 1 | 2] 3] 3 
64 | 8062 8069 8075 8082 8089 8096 8102 8109 8116 8122|1 | 1 | 2 a | 2 
65 |8129 8136 8142 8149 8156 8162 816 8176 8182 8189] 1 | 1 | 2 
66 | 8195 8202 8209 8215 8222 8228 Bane ae 8248 So, in | |) 2 ; 3 
67 | 8261 8267 8274 8280 8287 8293 8299 8306 8312 8319] 1 | 1 | 2] 3] 3 
68 | 8325 8331 8338 8344 8351 8357 8303 8370 8376 8382] 1 | 1] 2 | 3 | 3 
69 | 8388 8395 84or 8407 8414 8420 8426 8432 SABO NOAA SI ET HeLa} ezmligalas 
70 | 8451 8457 8463 8470 8476 8482 8488 8494 8500 8506] 1 | 1 | 2] 2] 3 
71 | 8513 519 8525 8531 8537 8543 8549 ©8555 8561 8567] 1] 1 | 2] 2 | 3 
72 18573 +8579 8585 8501 597 8603 8609 8615 8621 8627| 1] 1 | 2] 2 | 3 
73 | 8633 8639 8645 8651 8657 8663 8669 8675 8681 8686] 1] 1 | 2] 2] 3 
74 | 8692 8698 8704 8710 8716 8722 8727 87338739) 8745) 0) 1 \\e20) 21) 8 
75 | 8751 8756 8762 8768 8774 8779 8785 8791 8797 8802] 1]1)|2]2]| 3] 
76 | 8808 8814 8820 8825 8831 8837 8842 8848 8854 8859/1] 1] 2] 21/3 
77 | 8865 8871 8876 8882 8887 8893 8899: 8904 8910 8915] 1] 1] 2] 2/3 
78 | 8921 8927 8932 8938 8943 8949 8954 8960 8965 8971] 1] 1 | 2] 2] 3 
79 | 8976 8982 8987 8993 8998 9004 Q009 go015§ goz0 goz5]/ 1/1 | 2] 2 | 3 
80 | 9031 § 9036 9042 9047 9053 9058 9063 9069 9074 9079] 1 | 1 | 2| 2 | 3 
81 | 9085 gogo 9096 gIor Qui) CN Oil, eye) CAs ize || a || i || a | 2 
82 |9138 9143 9149 9154 9159 9165 9170 9175 9180 9186] 1]1]| 2] 2] 3 
83 | 9191 9196 9201 9206 g212 9217 9222 Ope) Cree G23 || W | | 2 | 2 |S 
84 | 9243 9248 9253 9258 9263 9269 9274 9279 9284 9289/1] 1 | 2] 2 | 3 
85 | 9204 9299 9304 9309 9315 9320 9325 9330 9335 9340] 1] 1] 2] 2] 3 
86 19345 9350 9355 9300 9365 9370 9375 9380 9385 9390] 1 | 1 | 2] 2] 3 
87 19395 9400 9405 9410 9415 9420 9425 9430 9435 9440/0] 1] 1] 2] 2 
88 ]9445 9450 9455 9460 9465 9469 9474 9479 9484 9489] 0/1] 1 | 2] 2 
89 | 9494 9499 9504 9509 9513. 9518 9523 = 9528-9533: : 9538] 0; 1 | 1 | 2 | 2 
90 | 9542 9547 9552 9557 9562 9566 9571 9576 9581 9586, 0) 1 | 1] 2) 2 
91 ]9590 9595 9600 9605 9609 9614 9019 9624 9628 9633] 0] 1) 1/2] 2 
92 | 9638 9643 9647 9652 0057 9001) 90008) 9966071 ©9675) 9630)|"o. ier ee 2 
93 | 9685 9689 9694 9699 9703 9708 9713 9717 9722 9727/0 | 1/1) 2] 2 
94 19731 9730 9741 9745 9750 9754. 9759 9763 9768 9773) 0|1|1| 2] 2 
95 |9777 9782 9786 9791 9795 9800 9805 980g 9814 9818) oO] 1] 1) 2 | 2 
96 | 9823 9827 9832 9836 9841 9845 9850 9854 9859 9863] 0] 1] 1 | 2 | 2 
97 | 9868 9872 9877 9881 9886 9890 9894 9899 9903~ 9908] 0 | 1] 1 | 2 | 2 
98 | 9912 9917 9921 9926 9930 9934 9939 9943 9948 9952) 0] 1] 1) 2] 2 
99 | 9956 9961 9965 9969 9974 9978 9983 9987 9991 9996] 0} 1/1 | 2] 2 
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28 TaBLe 12. 
ANTILOGARITHMS. 
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TABLE 12 (continued). 
ANTILOGARITHMS. 
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30 TABLE 13. 
ANTILOGARITHMS. 


8461 
8480 
8500 


8519 
8539 
8559 
8578 
8598 


8618 
8638 
8658 
8678 
8698 


8718 
8738 
8758 
8778 
8798 


8819 
8839 
8859 
8880 
8900 
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ANTILOGARITHMS. 
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TABLE 14. 


CIRCULAR (TRIGONOMETRIC) FUNCTIONS. 
(Taken from B. O. Peirce’s ‘‘ Short Table of Integrals,” Ginn & Co.) 


COSINES. 


TANGENTS. 


COTANGENTS. 


Nat. 


.9877 


1.0000 0.0000 |. 


1.0000 
1,0000 
1.0000 
9999 
-9999 


.9998 
-9995 
-9997 
9997 
.9996 
9995 


-9994 
9993 
9992 
-9990 
-9989 
9988 
.9986 
£9985 
.9983 
99S 

9980 
.9978 
.9976 
9974 
9971 

-9969 
-9967 

9964 
.9962 
9959 
-9957 

9954 
9951 

9948 
9945 
9942 
9939 
.9930 
-9932 
-9929 
9925 
-9922 
9918 
9914 
-OOII 
.9907 
-9903 
.9899 
9894 
-9890 
.9886 
9881 


.0000 | 
.0000 | 


-9999 


-9998 
9998 


9.9997 | 


9995 | 
-9995 
9:9994 | 
9993 
9993 


9991 | 
«9990 
9.9989 
9988 | 


9985 
9.9983 
9952 | 
9981 
9980 


.9975 | 
-9973 
.9972 
.997 1 
-9969 


.9966 
9963 
9961 


-9956 
9954 


9.9946 


9992 | . 


9989 |. 


.9987 | - 
.9986 | . 


9.9968 | . 
9964. 


9959 | « 
9.9958 |. 


9952 |. 
‘9950 | « 
9948 | . 


.0000 | . 
.0000 | . 
(0000 |. 


9.9999 - 


9999 | - 
2099 n= 


-9997 | - 
9996. 
9996. 


-9979 | 
OO Taal 
9.9976 | . 


io) 


fn Mb 
On NN 


Www wWhh 


NI 
ON 


1584 9. 


+0437 
.0299 || 
.0164 | 
.0034 | 
2 0.9907 || 
0.9784 | 
.9664 | 
-9547 || 
9433 | 
.9322 


9214 | 


° 


Ow 


NANO 4H GUN 
nme 


AbWOnNMNE BH 
ARrAnodwt uw 


NOU 


DAA WII MH Hy 
AAnNOnN- NN 


\ 
On AH 


wo 


0.9109 | 3 


1.5708 
1.5079 
1.5050 
1.5621 
1.5592 
| #5563 
T5533 


| 1.5504 


| 21-5475 11 
1.5446 


20 | 1.5417 


| 1.5388 


i508 


1.5330 
1.5301 


| 1.5272 


1.5243 
T5203 
1.5184 | 


| 1.5155 
| 1.5126 


1.5097 


1.5068 


| 1-5039 
| 1.5010 


1.4981 


1.4952 
(78-4023 


5° 
40 


1.4893 
1.4864 


1.4835 


| 1.4806 


1.4777 


| 1.4748 


| 1.4719 
1.4690 
| 1.4661 
| 1.4632 
1.4603 
1.4574 
1.4544 
T.4515 
1.4486 
1.4457 
1.4428 
| 164399 
1.4370 
| 1.4341 
| 1.4312 
1.4283 
1.4254 
1.4224 
1.4195 
| 1.4166 


1.4137 


Nat. Log. 


Nat. 


COSINES. 


SINES: 


TANGENTS. 
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TABLE 14 (continued). 33 
CIRCULAR (TRIGONOMETRIC) FUNCTIONS. 
: Tne aaa 
Ay GS SINES. COSINES. | TANGENTS. |COTANGENTS. 
ee aS 
ms oO Nat. Log. Nat. Log. Nat. Log. Nat. Log. 
O.1571'| 9°00! |] .1564 9.1943 | 9877 9.9946 ee 9.1997 | 6.3138 0.8003 || 81°00! | 1.4137 
0.1600 10 |] .1§93 .2022 | .9872 .9944| .1614 2078 | 6.1970 - .7922 50 | 1.4108 
0.1629 20 || .1622 .2100]| .9868 9942 Wee 2158 | 6.0844 .7842 40 | 1.4079 
0.1658 30 |) 1650 .2176 9863 -9940 | 1673 .2236] 5.9758 .7764 30 | 1.4050 
0.1687 40 ||.1679 .2251 | .9858 .9938 | .1703  .2313| 5.8708 .7687 20 | 1.4021 
0.1716 50 |] 1708 .2324 | .9853 .9936 | .1733 2389 | 5.7694 .7611 IO | 1.3992 
0.1745 | 10°00! || .1736 9.2397 | 9848 9.9934 | -1763 9.2463 | 5.6713 0.7537 || 80°00! | 1.3963 
0.1774 IO || .1765 .2468 | .9843 9931 ‘1793-2530 | 5.5704 «7404 50 | 1.3934 
0.1804 20 || 1794 «2538 | .9838 .9929 | .1823  .2609 | 5.4845  .7391 40 | 1.3904 
0.1833 30 || 1822 .2606 | .9833°  .9927 | .1853 2680] 5.3955 7320 30 | 1.3875 
0.1862 40 || 1851 .2674 | .9827°  .9924 | .1883 .2750 | 5.3093 .7250 20 | 1.3846 
0.1891 50 || .1880 .2740 | .9822 .9922| .1914 .2819 | 5.2257 7181 IO | 1.3817 
0.1920 | 11°00’ -1908 9.2806 | .9816 9.9919 | .1944 9.2887 | 5.1446 0.7113 || 79°00! | 1.3788 
0.1949 TOM TOR 7-20 7O7 O01» .OO17 ||.1974.) 12053 | 5.0058 .7047 Loy citaaiy so) 
0.1978 20 || 1965 .2934 | .9805 9914 | 2004 .3020 | 4.9894 6980 AO) || Sin yO 
0.2007 | 30 || 1994 .2997 | 9799 9912 | .2035. .3085 | 4.9152 6915] 30 | 1.3701 
0.2036 4@ || .2022 .3058 | .9793 .9909 | .2065 .3149 | 4.8430 0851 20 | 1.3672 
0.2005 50 || 205% .3119 | .9787 .9907| .20905 .3212| 4.7729 .6788 Io | 1.3643 
0.2094 | 12°00! || .2079 9.3179 | .978I 9.9904 | .2126 9.3275 | 4.7046 0.6725 || 78°00! | 1.3614 
0.2123 IO || .2108 3238 |-9775 -9901 | .2156 .3336 | 4.6382 .6064 50 | 1.3584. 
0.2153 20 || .2136 .3296| .9769 .9899 | .2186 .3397 | 4.57360 6603 40 | 1.3555 
0.2182 30) ||| .2164 3353 || 9763 98 6 | .2217 3458) 4.5107 .6542 30 || 1.3526 
1| 0.2211 40 || .2193 .3410] .9757' .9893 | .2247  .3517 | 4.4494  .6483 20 | 1.3497 
0.2240 50 || 2221 .3466) .9750 .9890 | .2278 .3576 | 4.3897 642 IO | 1.3468 
0.2269 | 13°00’ || .2250 9,3521 | .9744 9.9887 | .2309 9.3034 | 4.3315 0.6366 || 77°00’ | 1.3439 
0.2298 10 || .2278 .3575 | .9737 ~—--9884 | .2339 ~=«.3601 | 4.2747 6309 50 | 1.3410 
0.2327 20 || .2306 .3629 | .9730 ©.9881 | .2370 §©6.3748 | 4.2193 6252 40 | 1.3381 
0.2356 30 || .2334 .3082 | .9724 .9878| .2401 3804 | 4.1653 .6196 BOlieleas52 
0.2385 40 || .2303 .3734]| .9717 + .9875 | .2432 .3850 | 4.1120 .6141 ZO sle3R23 
0.2414 50 || .2391 .3780) .9710 .9872 | .2462 3914 | 4.0611  .6086 IO | 1.3204 
0.2443 | 14°00 || .2419 9.3837 | 9793 9.9869 | .2493 9.3968 | 4.0108 0.6032 |) 76°00/ | 1.3265 
ee IO || .2447 3887 | 9696 .9866} .2524 .4021 | 3.9617 5979 COM Isg2 35 
0.2502 20 || .2476 .3937 | .9689 .9863| .2555  .4074 3-9136 -5926 40 | 1.3206 
0.2531 30 || .2504 .3986| .9681 .9859 | .2580 .4127 | 3.8667 -5873 30 | 1.3177 
0.2500 40 || .2532 .4035| .9674 .9856| .2017 .4178 | 3.8208 .5822 20 | 1.3148 
0.2589 50 || .2560 .4083 | .9667 .9853 | .2648 .4230 | 3.7760 5770 TOMI GTO 
0.2618 | 15°00" || .2588 9.4130 | .9659 9.9849 | .2679 9.4281 | 3.7321 0.5719 || 75°00" | 1.3090 
0.2647 ; IO || .2616 “4179 9652 .9846) .271r 4331 | 3.6891 5660 | 50 | 1.3061 
0.2676 20 || .2644 .4223 | .9644 .9843 | .2742 4381 | 3.6470 .5619 40 | 1.3032 
|| 2.2705 30 | 2672 .4269 | .9636 9839 | 2773-4430 | 3.0059 5570 30 | 1.3003 
0.2734 40 || .2700 .4314 | .9628 .9836 -2805 4479 | 3.56056 .5521 20 | 1.29074 
0.2763 50 || .2728 .4359 | .9621. .9832 | .2836 .4527 | 3.5201 .5473 | IO | 1.2945 
0.2 16°00! || .2756 9.4403 | .9613 9.9828 | .2867 on 3-4874 O 542s 74°00! eee. 
eee 10 | eee aa | .9605  .9825]| .2899 4022 | 3.4495 -5378 50 pee 
0.2851 20 |) .2812 .4491 | .9596 .9821 | .2931 ~—. 4669 5. 4124 5331 40 say) 
0.2880 30 || .2840 4533 | .9588 .9817 | 2902 4716 | 3.3759 - 284 30 REE 
0.2909 40 || .2868 .4576| .gs80 .9814 | .2994 4762 3.3402 5238 20 | 1.2799 
0.2938 50 || .2896 .4618 | .9572 .9810 | .3026 = .4808 | 3.3052 -5192 TOM De2770 
0.2967 | 17°00! || .2924 9.4659 | .9563 9.9806 | .3057 9.4853 3.2709 0.5147 || 73°00 rey 
eac6 i 10 eee .4700 | .9555  .9802 | .3089 6.4898 | 3.2371 «5102 xe) || a1 hy 
0.3025 20 || 2979 -4741 | .9546 .9798 | .3121 4943 | 3.2041 -5057 40 nee 3 
0.3054 | 30 || 3007 .4781| 9537-9794] 3153-4987 | 31716-5013] Jo | 1.2654 
0.30383 4O || .3035 4821 | .9528 .9790 | .3185 -5031 | 3-1397  -4909 20 i 25 
0.3113 50 || .3062 .4861 | .9520 9786 | .3217 -5075 | 3-1084 492 IO | 1.2595 
0.3142 | 18°00’ | .3090 9.4900 | .9511 9.9782 | -3249 9.5118 | 3.0777 0.4882 |) 72°00! | 1.2566 
E Nat. Log. Nat. Log. Nat. Log. Nat. Log. w che 
lho lames 
COSINES SINES. COE TANGENTS x | aa 
le ed arena i I ony et a ar es 
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TABLE 14 Cconimued: 
CIRCULAR (TRIGONOMETRIC) FUNCTIONS.. 


SINES. 


COSINES. 


TANGENTS. 


COTANGENTS. 


Nat. — Log. 


Nat. 


Nat. 


3090 9.4900 
3118 .4939 
ES AT 
Bee ds KOG 
POZO mS O2 
3228 5090 


3256 9.5126 
BG 20GNN ESOS 


+3311 +5199 


3338-5235 


3305-5270 
3393-5306 
3420 9.5341 
3448-5375 
"4 7Oy e409 
3502-5443 
3529-5477 
i8o5/ Poke 
3584 9.5543 
=e Ola 5 57,©) 
3038 — .5000 | 
3005 .5041 
-3692 .5073 
3719-5704 
3740 9.5730 
3773-5767 
3800 .5798 | 
3827. .5828 
3854-5859 
3881  .5889 
5890/09 35919) 
-3934 5948 
3901 =.5978 
3987 .6007 
4014 .6036 
4041 6065 | 


.4067 9.6093 
.4094 .6121 
4120 .6149 | 
-4147. .6177 
cl? 2 O2ZO5 
‘4200 6232 
.4226 9.6259 
4253 -6286 
4279 6313 
4305  .6340 
-4331  .6306 
4358 6392 
.4384 9.6418 
4410  .6444 
4430 6470 
4462 .6495 
-4488  .6521 
4514 .6546 
-4540, 9.6570 


.Q5II 9.9782 
9502 .9778 
9492 9774 
9483-9770 
9474-9765 
9465 .9701 


94559-9757 | 


9440 .9752 


9436  .9748 
9426 .9743 
9417-9739 
9407-9734 
59397, 39:97 30 
9387-9725 
9377 9721 
-9307 .9716 | 
9350  .97II 
9346 .9706 
9336 9.9702 | 
9325-9697 
9315 .9692 
9304 .9087 
9293 .9082 
9283-9077 
9272 9.9672 
9261  .9667 
9250 .g061 
9239 9056 
9228 .g65I 
9216 .9646 


9205 9.9640 
9194 .9635 
.9182 .9629 
O17I .9624 
9159 .9618 
9147 .9613 
9135 9.9607 
9124 .g602 
-QI12 .9596 
9100 .9590 
9088 9584 
907 Sean) 
9963 9.9573 
‘9051 .9567 
9038.9 561 
9026 .9555 
INS SSEYAS) 
-QOool 9543 
8988 9.9537 
8975-9530 
8962 © .9524 
8949 -.9518 
8936 .9512 
S083 AD EO) 
‘8910 9.9499 


3249 9.5118 
3281 aa 
3314 5203 
-3346 5245 
-3378 5287 
3410-5329 
34439-5370 
3470-5411 
3508-5451 
3541-5491 | 2 
3574 +5531 
3007-5571 
3640 9.5611 
3673-5050 
3700 = .5089 
-3739 +5727, 
.3772 — -5766 
3805 5804 | 
3839 9.5842 
.3872  .5879 
-3906 «5917 
23939) ©5954 
3973-5991 
.4006 .6028 
-4040 9.6064 |’ 
.4074 .6100 
-4108  .6136 
-4142 .6172 
.4176 6208 
4210 .6243 
4245 9.6279 
4279 = .6314 
4314 .6348 
4348 6383 
-4383  .6417 
4417 .6452 
4452 9.6486 | 
.4487  .6520 
4522 .6553 
4557-6587 
4592 .6620 
.4628 6654 | 
.4663 9.6687 
-4099  .6720 
-4734  -6752 
4770 .6785 
.4806 .6817 
.4841 6850 
.4877 9.6882 
4913 

-49 50 

.4956 

5022 

“5059 

-5095 


Noy 


to tb 
ty bb 


NNNHNN NH 


La Ow) 


0.4882 
-4839 
-4797 
4755 
4713 
4671 

0.4630 
4589 
4549 
-4509 
-4469 
-4429 


0.4389 
-4350 
4311 
-4273 
4234 
.4196 

0.4158 
-4121 
.4083 
.4046 
.4009 
-3972 
-3936 
-3900 
3864 
-3828 
-3792 
-3757 
eoyad 
-3686 
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OO 
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1 


"Coa Oi Waha G2 WMOWAWCO 
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Nat. 


COSINES. 


SINES. 


GENTS. 
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TABLE 14 (continued). ; 3 5 : 
CIRCULAR (TRIGONOMETRIC) FUNCTIONS. : 
SINES. COSINES. TANGENTS, |COTANGENTS. 
Nat. Log. Nat. Log. Nat Log. Nat. Log. 
0.4712 | 27°00! | .4540 9.6570 | 8910 9.9499 | .5095 9.7072 | 1.9626 0.2928 | 63°00! 1.0996 
0.4741 Io | -4566 .6595 | -8897  .9492 | .§132 .7103| 1.9486 .2897 50 | 1.0966 
0.4771 20 | -4592 .6620/ 8884 .9486| .5169 7134 | 1.9347 .2866 40 | 1.0937 
0.4800 30 | 4617 6644 | 8870 .9479| 5206 .7165 | 1.9210 2835 30 | 1.0908 
0.4829 40 -| .4643 .6668 | 8857 .9473 | 5243-7196 | 1.9074 2804 20 | 1.0879 
0.4858 50 | 4669 .6692 | 8843 .9466.| .5280 .7226| 1.8940 .2774 IO | 1.0850 
0.4887 | 28°00’ | .4695 9.6716 | .8829 9.9459 | -5317 9.7257 | 1.8807 0.2743 | 62°00! | 1.0821 
0.4916 10 | -4720 .6740 8816 9453 | 5354-7287 | 1.8676 .2713 50 | 1.0792 
0.4945 20 | -4746 .6763 | 8802 .9446 | .5392. .7317 | 1.8546 .2683 40 | 1.0763 
0.4974 30 | -4772 6787 | 8788 9439 | .5430 = -.7348 | 1.8418 2652 30 | 1.0734 
0.5003 40 | 4797 6810 | .8774 .9432 | .5467 .7378 | 1.8291 .2622 20 | 1.0705 
0.5032 50 | -4823 .6833 | 8760 .9425 | .§505 .7408| 1.8165 2592 10 | 1.0676 
0.5061 | 29°00! | .4848 9.6856 | .8746 9.9418 | .5543 9.7438 | 1.8040 0.2562 | 61°00’ | 1.0647 
0.5091 to | .4874 .6878 | 8732 .o4ir | .5581 7467 |.1.7917 2533 50 | 1.0617 
0.5120 20 | -4899 .6901 | 8718 .9404 | -5619 .7497 | 1.7796 .2503 40 | 1.0588 
0.5149 30 | 4924 .6923 | .8704 .9397 | 5658 .7526| 1.7675 .2474 30 | 1.0559 
0.5178 40 | -4950 .6946| .8689 .9390| .5696 .7556] 1.7556 .2444 20 "| 1.0530 
0.5207 50 | -4975 -6968 | .8675 .9383 | -5735. -7585 | 1-7437 2415 10 | L.o5o1 
0.5236 | 30°00’ | -5000 9.6990 | .8660 9.9375 | -5774 9.7614 | 1.7321 0.2386 | 60°00! | 1.0472 
0.5265 Io | .5025 .7012 | 8646 °.9368 | .5812 .7644]| 1.7205 .2356 50 | 1.0443 
0.5294 20 | -5050 7033 | 8631 .9361 | .5851 .7673| 1.7090 2327 40 | 1.0414 
0.5323 30 | 5075 -7055| 8616 .9353 | .§890 .7701 | 1.6977 .2299 30 | 1.0385 
0.5352 40 | -.5100 .7076]| 8601 .9346 | .5930 7730 | 1.6864 .2270 20 | 1.0356 
0.5391 GOMES E25 ee 709071 6507 93301) 25900) 7.7 59IN 107,53) 2241 TOM O32 7) 
0.5411 | 31°00’ | .5150 9.7118 | .8572 9.9331 | 6009 9.7788 | 1.6643 0.2212 | 59°00’ | 1.0297 
Bei Meio SUS a 7lG0 ‘Bee7 9323 | 6048 .7816 | 1.6534 2184 50 | 1.0268 
0.5469 20 | .5200 .7160/| .8542 .9315 | .6088 .7845] 1.6426 .2155 40 | 1.0239 
0.5498 BOM E522 7181 | .8526 .9308 | .6128 .7873 | 1.6319 .2127 30 | 1.0210 
0.5527 40 | -5250 .7201| 8511 .9300]| .6168 .7902] 1.6212 .2098 20 | 1.0181 
0.5556 50 | 5275 -7222 | 8496. .9292 | .6208 = .7930 | 1.6107 .2070 IO | 1.0152 
0.5585 | 32°00’ | .5299 9.7242 | .8480 9.9284 6249 9.7958 | 1.6003 0.2042 } 58°00! | 1.0123 
ane 3 10 | .5324 .7262 | .8465 .9276 | .6289 79 1.5900 .2014 50 | 1.0094 
0.5643 20 | .5348 .7282] .8450 .9268 | .6330 8014 | 1.5798 .1986 40 | 1.0065 
0.5672 30 | 5373-7302 | 8434 9260 | .6371 8042 |'1.5697.1958 30 | 1.0036 
0.5701 40 | .5398 .7322/ .8418 .9252| 6412 .8070/ 1.5597 .1930 20 | 1.0007 
0.5739 50 | 5422 .7342 | 8403 .9244 | 6453 8097 | 1.5497 1903 10 || 0:9977 
0.5760 coo’ | 5446 9.7361 | .8387 9.9236 | 6494 9.8125 | 1.5399 0.1875 | 57°00! | 0.9948 
1 Er 80 = fo) (ait - Pao 8371  .9228 | .6536 8153 | 1.5301 .1847 50 sooo 
0.5818 20 | .5495 -7400| .8355 .9219) 6577-8180 | 1.5204 .1820 40 Sees 
0.5847 30 | -5519  .7419 | 8339-9211 | 6619 8208 | 1.5108 .1792 30 | 0.9861 
0.5876 40 | .5544 .7438 | .832 9203 | .6061 8235 T5013 1705 20 | 0.9832 
0.5905 50 | -5508 .7457 | 8307 -9194 6703 .8263] 1.4919 .1737 10 | 0.9803 
2 82 .4826 o. 6°00! | 0.9774 
oO. 290 | .5s92 9.7476 | 8290 9.9186 | .6745 9.8290 | 1.4826 0.1710] 5 
cone 4) 10 Lae oy 8274 .9177 | 6787 .8317 | 1.4733 -1683 50 0.9745 
0.5992 20 | .5640 .7513 | -8258 .9169 | .6830 8344 | 1.4641 1656 40 | 0.971 
0.6021 30 | 5604 .7531 | 8241 .g160 | 6873 8371 | 1.4550 .1629 30 | 0.9687 
0.6050 4o | .5688 .7550| 8225 9151 | .6916 8398 1.4400 .1602 20 Seale 
0.6080 go | .5712 .7508 | 8208 .g142 | .6959 8425 | 1.4370 1575 10 | 0.962 
iG 20°90’ | 5736 9.7586 | 8192 9.9134 | .7002 9.8452 | 1.4281 0.1548 | 55°00’ | 0.9599 
ae 3 * he Ghee | 8175 .9125 | .7046 8479 1.4193 «1521 50 | 0.9570 
0.6167 20 | .5783 .7622 | .8158 9116 | .7089 8506 1.4106 .1494 40 | 0.9541 
0.6196 o | .5807  .7640| 8141 .9107 | -7133 -8533| 1.4019 .1467 39 | 0.9512 
4 3 2 8 8 PeCOsd maa T 20 | 0.9483 
0.622 40 | .5831 .7657 | .8124 9099 | .7177 559 | 1-393 
0.6254 go | .5854 .7675| 8107 .9089 | .7221 8586 1.3848  .1414 10 | 0.9454 
0.6283 | 36°00! | .5878 9.7692 | 8090 9.9080 | .7265, 9.8613 | 1.3764 0.1387 | 54°00" | 0.9425 
Nat. Log. Nat Log. Nat. Log. Nat. Log . ae oe 
: Be az 
COSINES. SINES. Cie cue TANGENTS, x | gs 
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36 TABLE 14 (continued). 
CIRCULAR (TRIGONOMETRIC) FUNCTIONS. 


COSINES, TANGENTS, | COTANGENTS. 


Log. Nat. 6 Nat. é Nat. Log. 


9.7692 | 8090 9.9080 | .7265 9. 1.3764 0.1387 
-7710 | 8073 .9070| .7310 8 1.3080 .1361 
7727 | 80560 .QO61 | .7355 .- 1.3597 -1334 
7744 8039 .9052 | .7400 . 1.3514 .1308 
27/7 Ola WOOL: I -QOA2N | ey FAIS | 1.3432  .1282 
.7778 | .8004- .9033 | .7490 . 1 £3350 ee t2bG 

9:7795 | -7986 9.9023 | .7536 9.8 1.3270 0.1229 
OUI 7000 G-OOLA gH 7/500 amn 1.3190 .1203 
P7O2ONNE OGL 0004 sa 7027 as erwin meg 
-7844 | -7934 -8995 | -7673 . 1.3032 .II50 
*7 901 «7910 89851-7720.) 1.2954 .1124 
.7877 | .7898 .8975]| .7766 . 1.2876 .1098 

9.7893 | .7880 9.8965 | -.7813 -2799 0.1072 
.7910 | .7862 .8955 | .7860 £2723) 0s LOAG: 
7926 | .7844 8945 .7907 .2647  .1020 
7941 | -7826  .8935 | .7954 2572 0994 
7957 | -7808  .8925 | .8002 2497 .0968 
7973 | -7790 8915 | .8050 2423 .0942 

9.7989 | -7771 9.8905 | .8098 -2349 0.0916 
8004 | 7753  .8895 | .8146 .2276 .0890 
8020 | .7735  .8884 | .8195 2203 .0865 
8035 | .7716 .8874 | .8243 2131  .0839 
8050 | .7698  .8864 | .8292 2059 .0813 
8066 | .7679 ~=.8853 | .8342 ‘1.1988  .0788 


9.8081 | .7660 9.8843 | .8391 -I918 0.0762 
8096 | .7642 .8832 | .8441 1847  .0736 
811 | .7623 .8821 | .84o1 AGE per Koviwi 
8125 | .7604 .8810 | .8541 1708 .0685 
8140 | 7585  .8800 | 8591 1640 .0659 
8155 | -7560 8642 -I57I  .0634 


9.8169 7547 9. 8693 -1504 0.0608 
SOLOAME In 2 Ome 8744 1436 .0583 
8198 | .7509 | 8796 -1369 .0557 
8213 |.7490 .8 8847 SESORN OS 32 
SO22 77 47 Cum | 8899 L237) 120506 
8241 | .7451 8722 | .8952 iy, | OAC 


9.8255 | -7431 9. 9004 5 1106 0.0456 
8269 ‘7412 .8699 | .9057_  .9570| I.104I .0430 
8283 | .7392 8688 | .g110 9595) 1.0977 .0405 
-8297 | .7373 8676 .9163_ « 1.0913 .0379 
8311 Sisley aldo || oes | 1.0850 .0354 
8324 | .7333 8653 .9271 1.0786 .0329 
9.8338 ‘7314 9.8641 | .9325 9.9697 | 1.0724 0.0303 
8351 | .7294 .8629 | .9380 .9722| 1.0661 .0278 
8365 7274 8618 | .9435 .¢ | 1.0509 .0253 
8375 7254  .8606] .9490 9772] 1.0538 .0228 
S391 | .7234  -8504 | 9545 .9798| 1.0477 .0202 
8405 | .7214 .8582] .9601 9823] 1.0416 .0177 
9.8418 | .7193 9.5569 | 9657 9.9848 | 1.0355 0.0152 
8431 Ye Cay || eye xels 1.0295  .0126 
8444 | -7153 8545 | .9770 9899] 1.0235 .oror 
8457 | -7133  -8532 | .9827  .9924| 1.0176 .0076 
8469 |-7112  .8520 | .9884 .9949| 1.0117 .0051 
8482 | -7092 8507 | 9942 .9975| 1.0058 .0025 
9.8495 | .7071 1.0000 0.0000 | 1.0000 0.0000 | i 


[on ln aoe le Be ee 


aoe le | 


| 


Nat i Nat. Log at. Log. 


OTAN- 
COSINES S. Boas TANGENTS. 
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Nat. 


RADIANS. 


SINES. 


Log. 


TABLE 15, 


COSINES. 


CIRCULAR (TRIGONOMETRIC) FUNCTIONS. 


TANGENTS 


COTANGENTS. 


Nat. 


Log. 


Nat. 


Log. 


Log. 


0.00000 
01000 
02000 
03000 
103999 


0.04998 
-05996 
.00994 
07991 
089388 


0.09953 
-10978 
-L1Q71 
12963 


T3054. 


0.14944 
ah5932 
-16918 
17903 
-18886 


0.19867 
20846 
21823 
22798 
.23770 


0.24740 
25708 
-26673 
.27636 
28595 


0.29552 
30500 
31457 
32404 
33349 


0.34290 
pone a7. 
30162 
*37 092 
38019 


0.38942 
39501 
.40776 
41687 
42504 


0.43497 
44395 
45289 
40178 
-47063 


9.47943 


— © 
7-99999 
8.30100 
-47706 
60194 


8.69879 
77789 
84474 
+90263 
95306 


8.99928 


9.04052 | 


.07814 
L272 
14471 


9-17446 
-20227 
22836 
25292 
.27014 


9.29813 | 


-31902 


-33891 
-35789 


-37603 
9.39341 


.41007 
-42607 | 
44147 


45629 


947059 
-48435 
Ze 
«51060 
52308 


9.53516 


54088 


»55525 
50928 
.58000 


9.59042 
60055 
61041 
.62000 
62935 


9-6384 5 
64733 
‘65599 
60443 
67268 


9.68072 


T.00000 


0.99995 
99980 
99955 
99920 


0.9987 5 
| .99820 
99755 
-996380 


99595 


0.99500 
+99396 
99281 
99156 
.9Qo22 


0.98877 
98723 
98558 
98354 
98200 


0.98007 
97803 
97 590 
97307 

| 97134 


0.96891 
96639 
99377 
.g6106 
195824 


0.95534 
95233 
194924 
-94604 
‘94275 


| 0-93937 
| eek 
S265 
| .92866 
| .92491 


0.92106 
.QI712 
91309 
90897 

| 90475 


0.90045 
.89605 
89157 
88699 
88233 


0.87758 


0.00000 
9.99998 
-99991 
-99980 
99995 


9.99946 


99922 


“99594 
99861 
99824 


9.99782 
-997 37 
-99637 
99032 
99573 


9.99510 


99442 
99369 


SiS Fso)e) 
99211 


9.99126 
99935 
-98940 
98841 
98737 


9.98628 
-98515 
-98397 
-9827 5 
98145 


9.98016 
-97879 
97737 
97 591 
97440 


9.97284 | 
97123 


-96957 
96756 


-96010 


9.96429 
96243 


.gO051 


95855 
95053 


9.95446 
95233 
95015 
94792 
94563 


9.94329 | 


= 'DO 
0.01000 
.02000 
.03001 
04002 


0.05004 
00007 
.O7OII 
08017 
09024 


0.10033 
T1045 
12058 
-13074 
.14092 


0.15114 
16138 
17166 
18197 
19232 


0.20271 
.21314 
22362 
Sees 
24472 


0.25534 
-20602 


.27676 
28755 
20841 


0.30934 
32033 
“33139 
«34252 
35374 


0.36503 
-37040 
38786 
39941 
41105 


0.42279 
43463 
44657 
.45562 
.47078 


0.48306 
49545 
“50797 
.5 2001 
“53339 


0.54630 


9.00145 
04315 
.08127 
-11640 
.14898 


9.17937 
20785 
.23460 
.20000 
.28402 


9.30688 
32867 
“34951 
36948 


38866 


9.40712 | 


.42491 


44210 


45872 
-47 482 


9.4904 3 
50559 
52034 
53469 
54808 


9.56233 
57505 
58808 


.601 42 
61390 


9.62613 
63812 
-64989 
66145 
.67282 


9.68400 
.69500 
70583 
71051 


72704 


9:73743 


ee ee 
69891 
eer s 
"3977 


1.30067 
-22133 
15419 
09598 
104458 


0.99855 
95085, 
91873 
.85 360 
85102 


0.82063 
aff SP2 5 
79534 
.74000 
71598 


0.69312 
.67133 
65049 
63052 
61134 


0.59288 
26/528) 
aay 
54128 
52518 


Choe EY 
ae 
-47966 
40531 
45132 


0.43767 
42435 
41132 
39858 
38610 


0.37387 
36188 
35011 
33855 
32718 


0.31600 
«30500 
20417 
.28349 
27296 


0.26257 
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38 TABLE 15 (continued). 
CIRCULAR (TRIGONOMETRIC) FUNCTIONS. ne 


COSINES. TANGENTS COTANGENTS. 


DEGREES. 


Log. Nat. Log. Nat. Log. Nat. Log. 


0.47943 9.68072 | 0.87758 9.94329 | 0.54630 9.73743 | 1.8305 0.26257 

48818 68858 | .87274 94089 55936 ©.74769 | ~.7878 25231 
.49688  .69625 | .86782 .93843| .57256 .75782 | -7405 24218 
60553  -70375 | .86281 .93591 | .§8592  .76784 | .7067 23216 
Gla aypitiuelss || desyGit 93334 | -59943 -77774 | -6683 .22226 


0.52269 9.71824 | 0.85252 9.93071 | 0.61311 9.78754 | 1.6310 0.21246 
SAITO) 7252508 -047200 02801 62695  .79723 | -5950 -20277 
-§3903 .73210 | .84190 +©=.92526 | .64097 80684 | .5601 19316 
184802 .73880 | .83646 .92245 | .65517 81635 | .5263 18365 
55030-74536 | 83094 91957 | -66956 = 82579 | 4935 «17421 


0.56464 9.75177 | 0.82534 9.91663 | 0.68414 9.83514 | 1.4617 0.16486 
57287 .75805 | 81965 .91363 | .69892 84443 | -4308 15557 
58104 .70420 | 81388  .91056 | .71391 85304 | +4007 .14636 
SOON AM 8 277022)1| 4.00803)" §.00743 8) 72OrL 86280 | .3715 .13720 
69720 .77612 | 80210 .90423 | .74454 . .87189 | .3431 .12811 


0.60519 9.78189 | 0.79608. 9.90096 | 0.76020 9.88093 | 1.3154 0.11907 
61312 .78754 | .78999 ~—«.89762 77610  .88992 | .2885 -11008 
162099) «79308 | .78382) 80422) .7022 89886 | .2622 -TOII4 
16287, Oi a7.905U MN e7.77)5 7 OO74n| COS OOM OO 717/200 0922 
O2O54NIN OSS 20 l 77Dehie GO7.1ONl Nr O25 34am. OECOS gi mE2t TO) .08337 


0.64422 9.80903 | 0.76484 9.88357 | 0.84229 9.92546 | 1.1872 0.07454 
65183") -SI4ATAG 758308 670561) 050535 034208). 5034 .06574 
JO5938)) STOLZ WV GISK | we. O7OLT i) .O7707 04303 mlnuntAo2 05097 
.606387 82404 -74517 .872260 | .89492 7OSL7Sae Lig! .04822 
67429 .82885 | .73847 .86833 | .91309  .Q6051 0952 03949 


0.68164 9.83355 | 0.73169 9.86433 | 0.93160 9.96923 | 1.0734 0.03077 
68892 83817 -72484 86024 95045 -97793 0521 .02207 
69614 .84269 | .71791 85607 | .96967 .98662 | .0313 .01338 
Y/O3 20m OA 7 oun, 7 LOOT 85182 | .98926. 9.99531 | 1.0109 -00469 
71035 ~=—-.85147 | .70385 84748 | 1.0092 0.00400 | 0.99084 9.99600 


0.71736 - 9.85573 | 0.69671 9.84305 | 1.0296 0.01268 | 0.97121 9.98732 
72420) .689 50 83853 | .0505 .02138 | .95197 .97862 
F773 WS {682225 -OR3OR NI -O7 Ly .03008 | .93309 .96992 
SPATS .674838 .82922 | .0034 03879 | .91455 .g612T1 
74404 . .66746 .82443 | .1156 04752 | .89635 .95248 


Ones, G), 0.65998 9.81953 | 1.1383 0.05627 | 0.87848 9.94373 
GV Ah a 65244 81454 | 1616 06504 | .S6091 93496 
.70433 8832 64483 80944 | .1853 07384 | .84365  .92616 
77, Oe 63715 80424 .2007 .08266 | .82668 91734 
177 OT 620941 79894 | .2346 09153 | -S0998 = .90847 


0.78333 9-89394"| 0.62161 9.79352 | 1.2602 0.10043 | 0.79355 
78950 ~—-.89735 | .61375 ~—-.78799 | .2864 = «10937 | .77738 
‘79500 .90070 | .60582 78234 | .3133 11835 | .76146 
80162 = .90397 | .50783 77658 | .34 T2730 Nena 57S 
80756 .90747 | .58979 «77070 | . .13648 | .73034 


0.81342 9.91031 | 0.58168 9.76469 | 1.308 0.14563 | O.7I5Ir 

‘81919 91339 | -57352 --75855 | -428 15484 | .700TO 
82489 .g163¢ soil), Ma See) || 16412 | .68531 
83050. .gI¢ 55702 = .7458 -4¢ 17347 .67071 
63003. Stylo) fgets} |) 18289 | .65631 


0.84147 9.92504 | 0.54030 9.73264 | I. 0.19240 | 0.64209 
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0.84147 
84683 
85211 
857 30 
.86240 


0.86742 
87236 
87720 
88196 
88663 


0.89121 
89570 
-QOOIO 
190441 
90863 


0.91276 
-91680 
-92075 
92401 
92837 


0.93204 
93562 
93910 
-94249 
94578 


oy 
72 
2 
2 
a2 


0.94898 
95209 
195510 
95802 
.g6054 


Oo CON Qui Whe O 


bYLbH 


0.96356 
.96618 
.9687 2 
Q7115 
97348 


Oa 2 
97786 
97991 
98185 
98370 


0.98545 
937 LO 
.9856 5 
.Qgolo 
99146 


0.99271 
99387 
99492 
199588 
-9967 4 


0.99749 


CIRCULAR (TRIGONOMETRIC) FUNCTIONS. 


TABLE 15 (continued). 


COSINES, 


Nat. 


Log, 


TANGENTS. 


Nat. 


Log. 


COTANGENTS, 


Nat. 


Log. 


DEGREES. 


oy 


9.92504 
:92780 
93049 
93313 
93571 


9.93823 
-94069 
-94310 
94545 
94774 


9.94998 
95216 
95429 
95037 
95839 


9.96036 
-96228 
-96414 
-96590 
.96772 


9.96943 


-Q7 110 
97271 
97428 


OT O19. 


9-977 26 
-97808 
98005 


-981 37 


98205 


9.98388 


.98 506 
-98620 
98729 


98833 


9.98933 


99028 | 


OED 
99205 
99280 


9.99363 
-99430 
“99504 
99568 


99627 


9.99682 | 
99733 | 


99779 


99821 


99855 
9.99891 


0.540 30 
53186 
32307 
51452 
50622 


0.497 57 
.48857 
.48012 
47133 
-40249 


0.45360 
.44406 
-43508 
-42066 
-41759 


0.40849 
-39934 
39015 
.38092 
37166 


0.36236 
-35302 
34365 
“33424 
32480 


0.31532 
«30552 
29028 
.28672 
27712 


207 50 
25785 
24818 
23848 
22875 


21901 
20924 
19945 
18964 
17981 


-16997 
.16010 
.15023 
-14033 
.13042 


.12050 
11057 
10003 
09067 
.0807 I 


| 0.07074 


9-73264 
72580 
71581 
71165 
70434 


9.69686 
68920 
68135 
67 332 
60510 


9.65067 
64803 
-63917 
.63008 
62075 


9.61118 
69134 
“59123 
58084 
e5/ O15 


OS5ot4 
-54780 
53011 
52406 
«51161 


9-4987 5 
-45540 
-47170 
45745 
+44207 


9.42732 


41137 


-39476 
37744 
35937 


9-34046 
32004 
-29983 
27793 
25482 


23036 | 
.20440 


17074 
14716 


.11530 


9.08100 | 


104304 
00271 
8.95747 
.go692 


8.84965 | 


165574 
5922 
6281 
6652 
7030 


1.7433 
7844 
5270 
8712 
QI71 


1.9048 
2.0143 
.0660 
1198 
“1759 


2.234 
-295 
3600 
yi} 
4979 


oa 
.0503 
+7320 
8198 
QIIQ 


3.0096 
anes 
2230 
“3413 
.4672 


3.6021 
7471 
“9033. 

4.0723 
2550 


4.4552 
-6734 
-QOI3I 

51774 
4707 


57979. 
6.1654 
6.5811 
7:0555 
7.0018 


8.2381 
8.9886 


9.8874 
10.983 
12.350 


14.101 


0.19240 
20200 
21169 
22148 
+23137 


0.24138 
25150 
20175 
Vy feyio) 
-28264 


0.29331 
30413 
31512 
32628 
-33763 


0.34918 
36093 
.37291 
38512 
ABNEY 


0.41030 
.42330 
.4.3000 
-45022 
40418 


0.47850 
49322 
50535 
52392 


-53998 


0.55056 
+5739 
59144 
60954. 
62896 


0.64887 
66964 
69135 
71411 
:73804 


0.76327 | 
78996 


81830 


84853 


88092 


0.91583 
‘95309 


-99508 
1.04074 


09166 
1.14926 


0.64209 
.62806 
-61420 
.6005 
58699 


0.57302 
50040 
54734 
53441 
52162 


0.50897 
-49044 
-48404 
47175 
45959 


0.447 53 
43558 
42373 
-41199 
-40034 


0.38878 
-37731 
39593 
-35463 
34341 


| 0.33227 


32121 
.31021 
.29928 
28842 


0.27762 
.26687 
25019 
24550 
-23498 


0.22446 
21398 
Ops 
19315 
18279 


17248 
.16220 
TELS 
14173 
13155 


12139 
one 5 
LOTT 4 
09105 
08097 


0.07091 


9.80760 
-79800 
-78831 
77852 
-708603 


9.7 5862 
‘74850 
73825 
-72788 
71736 


9.70069 
69587 
68488 
67372 
66237 


9.05082 
-63907 
62709 
61488 
60243 


9.58970 
-§7670 
-50340 
-54978 
53502 


9.52150 
50678 
49165 
.47605 
.40002 


9.44344 
42031 
40856 
39016 
+37 104 


9-35113 
33030 
-30865 
28589 
.20196 


9.23673 
21004 
.18170 
-15147 
.11905 


9.08417 
04631 
00492 

8.95926 
-90834 


8.85074 
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TaBLes 15 (continued) AND 16. 


40 
CIRCULAR FUNCTIONS AND FACTORIALS. 


TABLE 15 (continued). — Circular (Trigonometric) Functions. 


* SINES. COSINES. TANGENTS. 


| COTANGENTS. 


Nat. Log Nat. Log Log. 


RADIANS. 


8.85074 
-78441 
70021 
.61086 
-48864 


14.101 
16.428 
19.670 
24.498 
32.461 


0.07091 
.06087 
05084 
.04082 
03081 


1.14926 | 
-21559 | 
29379 | 
38514 | 
51136 | 


8.84965 
-78301 
70505 
-61050 
48843 


9.99891 
+99920 
99944 
99904 
99979 


O07 9 
“9931 5 
.99871 
99917 
99953 


0.99978 
0.99994 
TI .0OOO0O0 
0.99996 
0.99982 


0.07074 
06076 
05077 
04079 
.03079 


0.02080 
.O1080 
-00080 

—.00920 

—.01921 


48.078 
92.621 
1255.5 
108.65 
52.067 


1.68195 
1.96671 | 
3.09891 | 
2.03603 | 


1.71650 | 


8.31805 
8.03 329 
6.90109 
7.96397 
8.28344n 


8.31796 
8.03327 
6.90109 
7-96396n | 
8.28336n | 


9.9999! 
9.99997 
0.00000 
9-99998 | 
9.99992 


0.02079 
.O1080 
.00080 

—.00920 

—.01920 


§.46535n 


| 


0.99957 9.99981 | -0.02920 34.233 1.53444 | -0.02921 8.46556n 


g0°=1.570 7963 radians. 


TABLE 16,—Logarithmic Factorials. 

Logarithms of the products 1.2.3. ......n, 1 from_1 to 100, 
See Table 18 for Factorials 1 to 20. 

See Table 32 for log. T (w+1), values of m between I and 2. 


log (7!) 


log (7!) 


log (z!) 


log (22!) 


OO ONO UPWd EH 


mNn Ww 


mpbwWN 


0.000000 
0.301030 


0.778151 | 
1.380211 | 


2.079181 


2.857332 
3-702431 
4.605521 
5.559703 
6.559763 


7.601156 
8.680337 
9.794280 
10.940408 
12.116500 


13.320620 


4.551069 
15.800341 


17.085095 | 


18.386125 


19.708344. 
21.050707 
22.412404. 
23.792700 
25.190646 


.605619 | 


-940539 | 
423060 


Nn OO OA 


Wo dw bh 


33.91 5022 | 
35.420172 
30.938086 
38-470165 
40.01.4233 


41.570535 
43-1387 37 
44.718520 
46.309585 
47-91 1645 


49-524420 | 
51.147678 | 


54-424599 | 


| 
| 
57:740570 | 
59-412068 | 
61.093909 | 
62.784105 | 
64.48307 5 | 


036983 ||| 
-494141 jl] 


52-781147 | 
56.077812 ||| 


71.303318 


78.371172 
80.142024 
81.920175 
$3.705505 
85.497896 
87.297237 
89.103417 


94.561949 


98.233307 


66.190645 | 
67.906648 |} 
69.630924 || 


96.394458 | 


100.078405 | 


73-103681 || 


74-851869 || 
79.6077 44 


90.916330 | 


92.735874 || 


101.929663 

103.786996 
105.650319 
Wey eas MONT NS 
T09.394612 


OD wuss 
HF OO OND 


mom 
Bot 


IL1.275425 
I13.161916 
I15.054011 


PH VAD 
CAE INTO. 


140.130977 
142.094765 
144.003248 
146.036376 
148.014099 


149.996371 
151.983142 
153.974368 
155-970004 
157-970004 
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TABLE 17. 


HYPERBOLIC FUNCTIONS. 


sinh. u 


cosh. u 


tanh. u 


Nat. 


0.00000 
.O1000 
.02000 
.03000 
.04001 


0.05002 
.06004 
.07006 
.08009 
.OgoI2 


.IOOI7 
.1I022 
.12029 
13037 
.14046 


.15056 
.16068 


bb bbb 


BwWNHO 


bbHALH 
O DN Qui 


0.35719 
.36783 
37850 
.38921 
-39996 


0.41075 
42159 
43246 
44337 
45434 


0.46534 
.47040 
.48750 
49865 
50984 


0.52110 


— 0 
8.00001 
30106 
47719 
60218 


8.69915 
77841 
84545 
99355 
95453 


9.0007 2 
.0422 
.08022 
LUC, 
14755 


9-17772 


9.40245 
.419860 
43063 
45282 
.46847 


9.48362 
-495 30 
agian 
.52637 
53981 


9.55290 
50504 
.57807 
59019 
.60202 


9.61358 
.62488 
63594 
.64677 
.65738 


9.66777 
.67797 
.68797 
.69779 
.70744 


9.71692 


.00000 0.00000 
00005  .00002 
00020 = .00009 
00045  .00020 
.00080 — .00035 


.00I25 0.00054 
.0OISO. = .00078 
00245  .00106 
.00320 .00139 
00405 .00176 


.00500 0.00217 
.00606 = .00262 
.0072I 00312 
.00846  .00366 
00982  .00424 


.O1127 0.00487 
01283  .00554 
01445  .006025 
.01624 .00700 
01810 = .00779 


.02007 0.00863 
02213, .00951 
02430 01043 
.02657 .O1139 
.02894  .01239 


03141 0.01343 
703399) 01452 


0306 


7FiOESOA 


.03946 .o168r 
04235 01801 


04534 0.01926 
.04844 .02054 
.051604 .02187 
05495 02323 
05830 ©.02463 


.06188 0.02607 
06550 ©=.02755 
06923 = .02907 
107307 03002 
EO O20 3222 


.08107 0.03385 
08523 .03552 
08950 .03723 
09388 = .03897 
.09837  .04075 


.102970 .04256 
.10768  .04441 
11250 .04630 
Plt 74 een O4 O22 
12247 .05018 


1.12763 0.05217 


0,00000 
-O1000 
.O2000 
02999 
03998 


0.04996 
05993 
.06989 
.0798 3 
.08976 


.09967 
.10956 
11943 
12927 
ol 3128) 


14889 
15865 
.16835 
.17808 
18775 


.19738 
.20097 
21052 
.22603 
523552 


0.24492 
25430 
.20362 
27201 
.28213 


0.29131 
-30044 
-30951 
31852 
32748 


133638 
apes 
“35399 
36271 
37130 


0.37995 
38847 
-39693 
-40532 
41364 


0.42190 
43008 
-43820 
.44624 
45422 


0.46212 


1,8) 
7-99999 
8.30097 

-47699 

60183 


8.69861 
77763 
84439 
90216 
95307 


8.99856 
9.03905 
.07710 
pyle Gis 


14330 


9.17285 
20044 
.22629 
.25062 


2 SSM 


.29529 
(31590 
33549 
-35416 
-37198 


9.38902 
THO Se 
.42099 
-43001 
.45046 


9.46436 
47775 
-49067 
50314 
51518 


9.52682 
53809 
-54899 
55956 
50950 


9.57973 
.58936 
59871 
.60780 
61663 


9.62521 
63355 
.64167 
64957 
65726 


9.6647 5 


100.003 
50.007 
33-343 
25.013 


20.017 
16.687 
14.309 
12.527 
IL.141 


10.0333 
9. 127 5 
8.3733 
7-7350 
7-1895 


6.7166 
6.3032 
5.9389 
5.6154 
5.3263 


5.0665 
4.8317 
4.6186 
4.4242 
4.2464 


4.0830 
3-9324 
3:7933 
3-6643 
3-5444 


SHY 
3285 
.2309 
al IO 
.0530 


19729 
8968 
8249 
7579 
.6928 


6319 
5742 
-5193 
.4672 
4175 


.3702 
3251 
2821 
.2409 
.2016 


2.1640 


2,00001 
1.69903 
1.52301 
1.39517 


1.30139 
22237) 
15501 
.09784 
.04693 


T.00144 
0.96035 
.922090 
88549 
85670 


0.82715 
-79956 
77311 
74938 
-72043 


0.70471 
.68410 
66451 
64554 
.62802 


0.61098 
-59466 
-57901 
-50399 
54954 


0.53564 
5222 
2D 
-49686 
.48482 


0.47318 
40191 
-45101 
44044 
.43020 


0.42027 
41064 
.40129 
.39220 


38337 


0.37479 
-3664 5 
35833 
35043 
-34274 


0.33525 


IO} 


Noe 


000M © CONT OV QU mMpBWN 


Le le oe oe Se 
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pet = 
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ee OW 
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es 
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42 TABLE 17 (continued). 
HYBERBOLIC FUNCTIONS. 


Nat. 


0.52110 9.71692 | I. 0.05217 | 0.46212 9.66475 | 2. 0.33525 
SSB 210 MEN /ZOZA Mens 05419 | .46995 .67205| . 32795 
54.37, Sao SAO |e 05625 PY ly y by Lone oy £8) oa ee 32084 
PEGG OME 7/4442 )0 ns .05834 | .48538  .68608 | .06 -31392 
5 COOR EES 3 30n lems .00046 | .49299 -69284 | . 30716 


0.57815 9.76204 | I. 0.06262 | 0.50052 9.69942 | 1.9¢ 0.30058 
58973 ~—--77005 : .06481 .50798 .70584] - .29416 
(oiizy) koe || 067.030) .5E53G0un 7D 2Ex 4 -28789 
KOs) Asp |e 06929 | .52207 .71822 | .913 .28178 
62483 .79576 | . .07157 | -52990 .72419 | - 27 581 


0.63665 9.80390 | I. 0.07389 | 0.53705 9.73001 ; .26999 
64854 .81194) . 107024 |i ¢-54413 «73570 -26430 
.66049 .81987 | . -O7 SOL 55 GUS m4 ke halen Oe 25875 
FO72)5 ame O2 77 OF .08102 | .5s805  .74667 | - 25333 
68459 .83543.] . .08346 | .56490 .75197 | - -24803 


0.69675 9.84308 | I. 0.08593 | 0.57167 9.75715 | I. 2428 5 
Hesey {eR} |) - 08843 | .57836. .76220] . 23780 
-72120 85809 | . .09095 | .58498 .76714 | . .23286 
73303 86548 5 09351 | .59152 .77197 | 690 22803 
7A OO mn oH27 Om ee .09609 | .59798 .77669 | .672 .22331 


0.75858 9.88000 | I. 0.09870 | 0.60437 9.78130 | I. .21870 
Lipeity -deteWpinsy || x .10134 | .61008 78581 : -2T419 
N7O304)  OOA2 35. “10401 61691 .79022]| . -20978 
7050 mm OOL2 3 ill mee 7.O .10670.| .62307 79453 : -20547 
0941 .90817 | .28652 .10942 | .62915 .79875 : -20125 


0.82232 9.91504 | 1.2946 1216 | 0.63515 9.80288 | 1.574 0.19712 
83530 .92185 | .30297 .11493| -.64108 80691 559 -19 309 
84838  .92859 | . -11773 | .64693 81086 | .545 18914 
POOLE MEEOS 527. ume PLZOS Gul ©0527 lm O14 720532 18528 
874738  .94190 | . 2 el 2840N) GS ATe .s -181 50 


0.88811 9.94846 
-QOI52 - .95498 
91503 .96144 
92863 = .96784 
94233 -97420 


12627 | 0.66404 9. é 17781 
12917 | .66959 «82 : 17419 
3200) 07,507 5a 48 -17065 
-13503 68048  .8328 : .16719 
13800 | 68581. : 16380 


G3 Ga WO) Go 
MI Qun & Gd 
& Bu Q™ 
0 DfOL 

COON CHOW 


& 


0.95612 9.98051 -| I. .14099 | ©. ; : .16048 
97000 ~—-.98677 ‘ .14400 | .6¢ : 4° S729 
98398 99299 | 40293-14704 | . 54505 |. -15405 
.99806 .99916 | . -1§009 | .7064: ; 415 15094 

1.01224 0.00528 | .4228 15317 ila : c 14789 


1.02652 0.01137 | 1.437 15627 | 0, 8 “3 14491 
.04090 O17 4 443.4: SLSOBOM| las 5801 | .38 14199 
05539  .02341 | .453¢ -PG2iG seem 86088 |. 13912 
06998  .02937 | .46453. .16570 | .7305 [os 13632 
.08468 03530 | .475 16888 |. ; 13358 


09948 0.04119 | 1.48623 0.17208 | 0.77 86910 | I. 13090 
‘T1440 » .04704 |* .49729 17531 74428  .8717 34. .12827 
12943, .05286 | .co8sn. 17855.) . 874° a3 -12569 
14457° .05864 | .51988 .- .18181 Slt : 5 £327 eo, 
15983 06439 | .53141 .18509.| .75 .87¢ : .12070 


1.17§20 0.07011 | 1.54308 0.18839 | 0.7615 : 31: 0.11828 
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TABLE 17 (continued). 


| 43 
HYPERBOLIC FUNCTIONS. 
a gd u 

Nat. i 

1.00 | 1. gay .64308 0.76159 9.88172 0.11828 | 49°36’ 
OI ; 07580 | .55401 .76576 .88409 -ITS§QI | 49 55 
FO2b|(a. 08146 | .56689 .76987 88642 -11358 | 50 21 
FORE aa 08708 | .57904 77391 88869 Suivinueay |) yey 7 
04] . 09268 | .59134 77789 ~~ -.89092 10908 | 51 4 
1.05 | 2: 0.09825 | 1.60379 0.78181 9.89310 0.10690 | 51 26 
.06 10379 | .61641 78566 —.89524 10476 | 51 47 
LOva er. .10930 | .62919 .78946 89733 .10267 | 52 08 
SOON|| ae -11479 | .64214 -79320 89938 -10062 | 52 29 
FOO nae -12025 | .65525 79088 .90139 09861 | 52 50 

Te TON ere 0.12569 | 1.66852 0.80050 9.90336 0.09664 | 53 II ; 
IT ; 13111 .68 1.96 .80406 .90529 09471 | 53 31 
RUD |) neler} 13649 | .69557 80757  .go718 09282 | 53 52 
aiic hal ec -I4186 | .70934 81102  .90903 09097 | 54 12 
Se LA7 ZO 97.2329 8144I .91085 08915 | 54 32 
ras ue 0.15253 | 1.73741 0.81775 9.91262 0.08738 | 54 52 
ECON ie E5703 a5 7.5L nL 82104  .91436 .08564 | 55 11 
te -16311 | .76618 82427 .91607 08393 | 55 31 
PIG! | ar. 16836 | .78083 82745 .91774 .08226 | 55 50 
PLOU |ams -17360 | .79565 83055 —.91938 .08062 | 56 09 

1.20 | 1.50946 0.17882 | 1.81066 0.25784 | 0.83365 9.92099 | 1.1995 0.07901 | 56 2 

p21 .52704 .18402 82584 .20146 | .83668  .92256 | .1952 .07744 | 50 47 
.22 54598  .18920 84121 26510 | .83965 .92410 |] .1910 .07590 | 57 06 
B285| weGO4A7 TOAST 85076 .26876 | .84258  .92561 1868 07439 | 57 25 
22 58311 .19951 87250 .27242 | .84546 .92709 1828 .07291 | 57 43 
1.25 | 1.60192 0.20464 | 1.88842 0.27610 | 0.84828 9.92854 | 1.1789 0.07146 | 58 02 
20 | .62088  .20975| .90454 .27979 | .85106. .92996| .1750 .07004 | 58 20 
P27 ee OAOOT MIAO GH O20040N 26340) |) 65300) | .O8N3'5) i = amale 06865 | 58 38 
28 | .65930 .21993 | .93734 .28721 85048  .93272 1676 06728 | 58 55 
29 | .67876. .22499 | .95403 29093 | 85913 93406 | .1640 —-.06594 | 59 13 
| 1.30 | 1.69838 0.23004 | 1.97091 0.29467 | 0.86172 9.93537 | 1.1605 0.06463 | 59 31 
Bu -71818  .23507 | .98800 .29842 | .86428. .93665 | .1570 .06335 | 59 48 
aB2 -73814 . .24009 | 2.00528 30217 .86678  .93791 1537 .06209 | 60 05 
-33 | .75828 .24509 | .02276 .30594 | .86925 .93914 1504 .06086 | 60 22 
.34 | .77860 .25008 | .04044 .30972 | ..87167 .94035 1472 05965 | 60 39 
1.35 | 1.79909 0.25505 | 2.05833 0.31352 | 0.87405 9.94154 | 1.1441 0.05846 | 60 56 
PAG) | COLO 20002) ||) 1.07043) 6317321 :O7030Is.04270 "IA TO .05730 | OL 13 
37 | .84062 .26496 | .09473 32113 | .87869 .94384 | .1381 05016 | 61 29 
.38 | .86166 .26990] .11324 .32495 | .88095  .94495 | 1351 05505 | OL 45 
-39 | .88289 .27482 | .13196 .32878 | .88317 .94604 | .1323 05396 | 62 02 
| 1.40 1.90430 0.27974 | 2.15090 0.33262 | 0.88535 9.94712 | 1.1295 0.05288 | 62 18 
jae AL 92591 = .28464 -17005° _ .33647 88749  .94817 .1268 05183 62 34 
42 | .94770 .28952 | .18942 .34033 | .88960  .94919 1241 05081 62 49 
.43 | .96970 .29440 | .20900 .34420 | .89167 .95020 1215 .04980 63 05 
-44 | .99188 .29926 | .22881 .34807 | .89370 .Q5I19 1189 .04881 | 63 20 
1.45 | 2.01427. 0.30412 | 2.24884 0.35196 | 0.89569 9.95216 | 1.1165 0.04784 63 36 
46] .03686 .30896 | .26910 . .35585 | .89765 .95311 .T140 04689 | 63 51 
47 | .05965 31379 | .28958 35976 | .89958 .95404 1116 .04596 | 64 06 
.48 | .0826 .31862 | 231029 .30367 | .90147 95495 1093 04505 | 64 21 
AOn ee LOGSO NN B23430 9.33028) 9.30750) -00332)) 95504 1070 04416 | 64 36 
1.50 | 2.12928 0.32823 | 2.35241 0.37151 | 0.90515 9.95672 | 1.1048 0.04328 | 64 SI 
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44 TABLE 17 (continued). 
HYPERBOLIC FUNCTIONS. 


sinh. u 


12928 0.32823 | 2.35241 0.37151 | 0.90515 9.95672 | I. 0.04328 
15291 33303 | -37382 = --37545 | -90004 95758 | - 04242 
17676 .33781 | -39547 «37939 | -90870 95842 | . -04158 
200825 =3A2580)| 4 1730m 230934ul -OLO4Z a -OBO24 1 = .04076 
22510 .34735 | .43949 .38730| .91212 .9g6005| . -03995 


.24961 0.35211 | 2.46186 0.39126 | 0.91379 9.96084 | I. 0.03916 
27434 .35686 | .48448  .39524 | .91542 .96162] - .03838 
-29930 + ©.30160 | +.§0735 39921 | .91703 .96238 | .0905 03762 
32449 .36633 | -53047 .40320| .91860 .96313| - .03087 
34991-37105 55394 -40719 | 92015 .963860] .- -03014 


2.37557 037577 | 2.57746 0.41119 | 0.92167 9.96457 | I. 0.03543 
40146 .38048 | .60135 .41520 | .92316 .96528 | - 03472 
-42760 — .38518 62549  .41921 | .92462 .96507 | - 5 -03403 
45397. -38987 | .64990 42323} .92606 .96664| . 03330 
48059-39456 | -67457 42725 | .92747 -96730 | - -03270 


2.50746 0.39923 | 2.09951 0.43129 | 0.92886 9.96795 0.03205 
5534598 4030 72472 8 436324) 1920221) | .G085on/a = 03142 
-50196. .40557 | .75021 .43937 | .93155 96921 |. .03079 
NGOOSOM AIG 2 30 0-7, 71500) sn 44341 293250) -OOGS2 ius 03018 
-O1 748  .41788 | .80200 .44747 | .93415 .97042 : 02958 


2.64563, 0.42253 | 2.82832 0.45153 | 0.93541 9.97100 | I. 0.02900 
07405. 9 427070) <O5401) 455500) .93005) O71S6))| .02842 
-70273 .43180 | .88180 .45966| .93786 .97214| . .02786 
.73108 .43643. | .90897 46374 | .93906 .97269| . 02731 
70091  .44105 | .93043 .46782 | .94023 .97323 | - .02677 


2.79041 0.44567 | 2.96419 0.47191 | 0.94138 9.97376 s 0.02624 
.82020 .45028 | .9922 -47000 | .94250 .97428 | . 02572 
85026 .45488 | 3.02059 .48009 | .94301 .97479 | - 02521 
8061 = .45948 104925 48419 94470 .97529| .- .02471 
91125 ..46408 | .07821 .48830 | .94576 .97578 | . -02422 


2.94217 0.46867 -10747 0.49241 | 0.94681 9.97626 | I. 0.02374 
97340 -47325 | -13705 49652 | .94783 97673 | - .0232 
3.00492 .47783, | 16694 50064 | .94884 .97719 | - .02281 
03074 .48241 “1O7TS) -50476 1) 04983 "07704. 02236 
.06886 .48698 | .22768 .50859 | .g5080 .97809! . 02191 


3.10129 0.49154 | 3.25853 0. | 0.95175 9.97852 | TI. 0.02148 
.13403 .49610 | .28970 . | .95268 .97895 | .- 02105 
10700) = SOCOO NN. 32020 O5350) e9-979320) lees 02004 
-20046 50521 | -35305 95449 97977 | - .02023 
23405) | 50070) |, 630522). O5537. <QS8Or77! ; 01983 


3.26816 0.51430 | 3.41773 0. 0.95624 9.98057 : 0.01943 
30250 )©= 51854 | .45058 5,378 95709 .98095 | .- 01905 
.33718 52338 | 48378 = «542 <O5702— .OSESR iliac .01867 
37218) 52701 aiigpaees aie, OSO73y) |) .OOL7Oulle -01830 
40752 53244 | «55123. - 95953-98206 | . 01794 


3.44321 0.53696 | 3.58548 0.55455 | 0.96032 9.98242 | I. 0.01758 
A7O23N  SAldOull eOZ000) 55072 .96109 .98276 | . .01724 
51501 .54600 | .65507 .56290 | .96185 98311 4 .01689 
55234 55051 .69041  .56707 96259 ©.98 3.44 . .01656 
50042.) 55502.) 7200DN) 57 020ml .O083Ts OSa77mlme 01623 


3.62686 0.55953 | 3-76220 0.57544 | 0.96403 9.98409 O.O1 591 
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TABLE 17 (continued). 


4 
HYPERBOLIC FUNCTIONS. ; 
cosh. u tanh, u coth, u. 
gd. u 
Nat. Log. Nat. Log. Nat. Log. 
2.00 | 3.62686 0.55953 | 3.76220 0.57544 | 0.96403 9.98409 | 1.0373 0.01591 74°35" 
Ol | .66466 56403 | .79865 57903 96473 .98440 | .0366 01560 | 74 44 | 
02 | .70283. .56853 | .83549 58352 -90541 .98471 0358 101529 | 74 53 | 
03 74138 57303 | 67271 58802 .96609 =.g8502 | .0351 01498 | 75 02 | 
COANE 700205 577,53) 1032, .SO22T 96675 .98531 0344 01469 | 75 11 
| 2.05 | 3.81958 0.58202 | 3.94832 0.59641 | 0.96740 9.98560 | 1.0337 0.01440 | 75 20 
| .06 85926 58650 | .98671 .60061 96803 —.98589 | .0330 OI4IT 75 28 
| :07 | .89932 — -59099 | 4.02550 .60482 | .96865 .98617 | -0324 01383 | 75 37 
08 | .93977 59547 | .06470 — .60903 | .96926 98644 | -0317 01356 | 75 45 
09 | .98061 .59995 | .10430 .61324 | .90986 .98671 | .O311 01329 | 75 54 
2.10 | 4.02186 0.60443 | 4.14431 0.61745 | 0.97045 9.98697 | 1.0304 0.01303 | 76 02 
SDT .06350 .60890 | .18474 .62167 .97 103 98723 0298 :01277 | 76 10 
2B LOoS Sm OUC8 7mm e25 Comin O2hOOmn LO7L5ONN .OO74o 0292 01252 | 76 19 
13) || 14801 .61784 | .26685 . .6301% | .97215 . £08773 0286 2012276 76 2 
-I4 | .19089 62231 | .30855  .63433 | .97269 .98798 0281 01202 | 76 35 
| 2.15 | 4.23419 0.62677 | 4.35067 0.63856 | 0.97323 9.98821 | 1.0275. 01179] 76 43 
| «6 | .27791  .63123 | _ .39323 64278 | .97375 = .98845 | 0270 = 01155 | 76 51 
32205  .63569] .43623 .64701 | .97426 .98868 0264 Homey || fo} GS) 
18 |. .36663 © .64015 | -47967 .65125 | .97477 .98890 0259 SOUTTES) || 77) CS) 
IQ} .41165  .64460 | .52356 .05548 | .97526 .98q12 0254 01088 | 77 14 
2.20 | 4.45711 0.64905 | 4.56791 0.65972 | 0.97574 9.98934 |-1.0249 0.01066 | 77 21 
e2 tale GOSOlNn -O53500 nOl27.04 | 00300 4— <97022.5 208055 0244 01045] 77 29 
22 | .54936 .05795 | .65797 .66820 | .97668 .989075 0239 01025 | 77 36 
er 23 .59617 .66240 -70370 67244 | .97714  .98996 0234 01004 | 77 44 
| 24 | .64344 .66684 | .74989 .67668 | .97759 ©=.99016 | -0229 ~=— .00984 | 77 51 
2.25 | 4.69117 0.67128 | 4.79657 0.68093 0.97803 9.99035 | 1.0225 0.00965 77 58 
WS || “Fseeyy  donGye | dekeyes  deksipis) 97846 99054 | .0220 .00946 | 78 05 
.27 | .78804  .68016 891 36 68943 97888  .99073 0216 .00927 78 12 
.28 | .83720 .68459 | .93948  .69308 | .97929 ~-.Qg09g1 0211 .0090g | 78 19 
29 | .88684 .68903 | .98810 .69794 | .97970 99109 0207 00891 78 26 
2.30 | 4.93696 0.69346 5.03722 0.70219 | 0.98010 9.99127 | 1.0203 0.00873 | 78 33 | 
; 31 | .98758 . .69789 | .08684 .70645 98049 .99144 0199 00856 | 78 40 
32 | 5.03870  .70232 3607 ee 7107s 98087 -QO1O1 0195 .00839 | 78 46 | 
BAG) |O9O32 0 a. 7.007 5a) 1187.02. L407 98124 .99178 O1gl 00822 | 78 53 
.34 | .14245 .71117 | .23878 71923} .98161 .99194 0187 .00806 | 79 00 
| 2-35 | 519510 0.71559 | 5.29047 0.72349 0.98197 9.99210 | 1.0184 * 0.007090 79 06 | 
fees Ol 2AS 27am 7 200294200 ym.72770 i .08283) 5000220 o180 OO77Ay OMe 
37 | 30196-72444 | 39544-73203. | 98207 .99241 | .0176 = .00759 | 79 19 | 
.38 35618 =—.72885 44873 .73630 98301 99256 0173 .007 44 79 2 
-39 | -41093  -73327 | -50256  -74056 | 98335 99271 | .0169 —  .00729 | 79 32 
} 2.40 5.46623 0.73769 | 5.55695 0.74484 0.98367 9.99285 | 1-0166 0.00715 | 79 38 
| 40 .52207 ~+.74210 61189 .7491I 98400  .99299 0163 .0O701 79 44 | 
| 42 | .57847 74652 | .66739 ~—-.75338 | 98431 = .99313. | -0159 ~=—- .00687 | 79 50 
| +43 | -63542 75093 | -72346 .75706 | .98462  .99327 | .0156 ~ .00673 | 79 56 | 
| 44 | .692904 75534 | -78010 — .76194 98492  .99340 0153 .00660 | 80 02 | 
| 
| 2.45 | 5.75103 0.75075 | 5.83732 0.76621 | 0.98522 9.99353 | I.0150 0.00647 | 80 08 
|; -46 80969 .76415 | .89512 .77049 | .98551  .99360 O147 .00634 | 80 14 
an Ay 86893 .76856 95352 -77477 98579  .99379 oO144 .00621 80 20 
.48 | .92876 77296 | 6.01250 77906 | .98607 — .99391 O14 .00609 | 80 26 
| 49 | 98918 .77737 | .07209—-.78334 | .98635 = 99403 | .0138 = .00597 | 80 31 
| 2.50 | 6.05020 0.78177 | 6.13229 0.78762 | 0.98661 9.99415 | 1.0136 0.00585 | 80 37 
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46 é; TABLE 17 (continued). 
4 HYPERBOLIC FUNCTIONS. 


6.05020 0.78177 | 6.13229 0.78762 | 0.98661 9.99415 | I. 0.00585 
1D1S3 97 COL) en: L9 31 Oma OLO slr OOOSSmmm-0O4 2 Olina .00574 
17407 79057 | -25453. «79619 | .98714 99438 | _ - .00562 
.23092  .79497 | -31655 —.80048 | .98739 ©=—.99449 | - -00551 
130040 79937 | -37927_  .80477 | .98764 .99460 | . .00540 


6.36451 0.80377 | 6.44259 0.80906 | 0.98788 9.99470 | I. 0.00530 
.42926 80816 | .50656 .81335 | .98812 .99481 : .00519 
49464 .81256 | .57118 .81764 | .98835  .g9491 é _ 00509 
.§6068  .81695 | .63646 .82194 | .98858 .gg5or | .- .00499 
62738  .82134 | .70240 .82623 | .98881 .99511 : .00489 


6.69473 0.82573 |-6.76901 0.83052 | 0.98903 9.99521 | I. 0.00479 
76276 .83C12 | .83629 .83482 | .98924 .99530 | - .00470 
. 83146 834 51 | .90426 83912 | .98946 .99540 | .- .00460 
.90085 .83890 | .97292 .84341 | .98966 .99549 | - 00451 
97092 84329 | 7.04228 84771 | .98987 99558 | - 100442 


7.04169 0.84768 | 7.11234 0.85201 | 0.99007 9.99566 | I. 0.00434 
LUGO S200N |e LO302tmeO503T) 09020 mn.00 57/51 ae £00425 
18536 .85645 | .254601 .86061 | .99045 .99583] .- -OO417 
25827 .80083 | .32683 .86492 | .99004 .99592/] - .00408 
33190 86522 | .39975 .86922 | .99083 .99600] .- .00400 


7.40626 0.86960 | 7.47347 0.87352 | 0.99101 9.99608 | I. 0.00392 
48137 87308 | -54791 —--87783. | -99118 = .gg615 | - 00385 
55722 .87836 | .02310 .88213 99136 .99623] . 00377 
.63383 488274 | .69905 .88644 | .99153 99631 4 .00369 
7 U2 OO 7125) 7/757 Om OOO740 | |m.00 07 One OOOSom ane .00362 


7.78935 0.89150 | 7.85328 0.89505 | 0.99186 9.99645 | 1. 0.00355 
86828 89588 | .93157 .89936 | .99202- . Pele wc .00348 
94799  .90026 | 8.01065 .90367 | .99218 . : 00341 

£90463 | .09053 .90798 | 99233 : .00334 
GIO || MW Oa 992481): . 00328 


0.91339 | 8.25273 0.91660 | 0.99263 9.99679 : 0.00321 
9) 


91776 | .33506 .92091 | .99278 9685} . .00315 
92213 | .41823 .92522 | .99292  .99691 : 00309 
-92651 | .50224 .929053 | .99300 .99698 | . 00302 
93088 | .58710 .93385 | .99320 .99704 | . 00296 


& 

0.93525 | 8.67281 0.93816 | 0.99333 9.99709 | I. 0.00291 
-93963 | -75949 .94247 | .99346 .99715 | . .0028 5 
‘94400 84086 .94679 | .99359 .99721 ‘ .00279 
794837)" .93520) | .O5DLON|) 09372 = .OO720) le 00274 
-95274 | 9-02444 95542 | .99384 .99732 | - .00268 


0.95711 | 9.11458 0.95974 | 0.99396 9.99737 | I. 0.00263 
.go148 | .20564 .96405 | .g9408 .9g9742 | . 00258 
.96584 | .29761 .96837 | .99420  .99747 | . .00253 
97021 | .39051 97269 | .9953I .99752 | .0057 00248 
97458 | .48436 97701 | .99443 99757 | . .00243 


9.52681 0.97895 | 9.57915 0.98133 | 0.99454 9.99762 | I. 0.00238 
.62308 — .98331 .67490 .98565 99464 .99767 : 00233 
72031 = 98768 | 77161 ~— 98997 | .99475 99771 | . .00229 
81851 .99205 | .86930 99429 | .99485 .99776 | . .0022 
91770  .99041 96798 ~~ .gg86r 99496 .99780| . -00220 


3.00 |10.01787 1.00078 ]10.06766 1.00293 | 0.99505 9.99785 0.00215 
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TABLE 17 (continued). 
HYPERBOLIC FUNCTIONS. 


Nat. 


Ww 


10.0179 
11.0765 
12.2459 
SRS BYAS 
14.9654 


16.5426 
18.2855 
20.2113 
22.3394 
24.6011 


27.2899 
30.1619 
33-3357 
30.8431 
407193 


w 


Se a Rein eee oe Pete ny. ws als 
WOON On BOKHO OONAU hHONHHO 


> 


45.0030 
49-7371 
54.9690 
60.7511 
67.1412 


74.2032 


us 
° 


Log. 


Nat. 


1.00078 | 10.0677 
04440 | I1.1215 
.08799 | 12.2866 
-13155 | 13-5748 
+17509 | 14.9987 

1.21860 | 16.5728 
26211 | 18.3128 
+30559 | 20.2360 
34907 | 22.3618 
39254 | 24.7113 


1.43600 | 27.3082 


30.1784 
33-3507 
30.8567 
40.7316 


45.0141 
49-7472 
54-9781 
60.7593 
67.1486 


74.2099 


1.00293 | 0.99505 
-04616 | .99595 


.08943 


-99668 


13273 | -99728 


17605 


99777 


1.21940 | 0.99818 
99851 
.99878 


-26275 
30612 
34951 
-39299 


99900 
.99918 


1.43629 | 0.99933 
47970 | .99945 


52310 
56652 
.60993 


1.65335 
.69677 
-74019 
78301 
82704 


1.87046 


9.99921 
99935 
99947 
99957 
+99964. 


9.99971 
-99976 
-99980 
-99984 
.99987 


9.99989 
.99991 
-99993 
99994 
-99995 


9.99996 


0.00215 
00176 
00144 
.00118 
.00097 


0.00079 
.00065 
+00053 
00043 
00036 


0.00029 
00024 
.00020 
.00016 
.00013 


0.00011 
,00009 
.00007 
.00006 
.0000 5 


0.00004 


47 


TABLE 18,—Factorials. 


See Table 16 for logarithms of the products 1.2.3....mn from f to Ioo. 
See Table 32 for log. I (n+1) for values of » between 1.000 and 2.000. 


Sy 


OO OND MPWHH 


I. 


O. 
36666 66666 66666 66666 66667 
.04166 66666 66666 66666 66667 


33339903303)39339) 33303 


.00833 


0.001 38 
00019 
.00002 
.00000 
.00000 


0.00000 
.OO0000 
-OO000 
-O0000 
-O0000 


0.00000 
-O0000 
-O0000 
-OO0000 
«00000 


88888 888388 
84126 98412 
48015 87301 
27557 31922 
02755 73192 


00250 52108 
00020 87675 
00001 60590 
00000 15470 
00000 00764 


00000 00047 
00000 00002 
00000 00000 
00000 00000 
00000 00000 


88588 
69841 
58730 
39858 
23985 


38544 
69878 
43836 
74559 
71637 


79477 
SII45 
15619 
00822 
00041 


88889 
26984 
15873 
90653 
89065 


17188 
68099 
82161 


77297 
31820 


Say) 
72543 
20007 
06352 


10318 | 2432 90200 


30 


28800 


399 16800 


479° 
62270 

8 71782 
130 76743 
2092 27898 


35568 74280 
6 40237 37057 


121 64510 04088 
81766 40000 


01600 
20800 
91200 
68000 


88000 
96000 
28000 
32000 
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TaBLe 19. 


EXPONENTIAL FUNCTION. 


logyo(e”) 


0.00000 
:00434 
.00869 
.01303 
-01737 


0.02171 
.02606 
.03040 
-03474 
03909 


0.04343 
-04777 
05212 
.05046 
.06080 


0.06514 
.06949 
.07 383 
.07817 
08252 


0.08686 
.09120 
-09554 
.09959 
10423 


bbb bb 


BOnHO 


.10857 
.11292 
11726 
-12160 
12595 


bbw bb 
10 CON Ow 


.13029 
-13463 
-13897 
-14332 
-14766 


. 15200 
-15635 
.16069 
16503 
.16937 


-17 372 
.17806 
.18240 
.18675 
.IQI09 


19543 
.19978 
20412 
20846 
.21280 


0.21715 


5008 
5220 
-5373 
°5527 


5683 
5941 
.6000 
.O161 
6323 


1.6487 


logio(e2) 


1.000000 
0.990050 
-Q30199 
970440 
.960789 


0.951229 
-941765 
eet 
923116 
OO oe 


0.904837 
895834 
886920 
878095 
869358 


0.860708 
852144 
843665 
835270 
820959 


0.818731 
810584 
802519 
794534 
786628 


0.778801 
771052 
-763379 
‘755784 
-749264 


0.740818 
OoaAd 
-7201 49 
-718924 
711770 


0.704688 
.697676 
.6907 34 
683861 
-677057 


0.670320 
.663650 
657047 
.650509 
64.4036 


0.637628 
.631284 
.62 5002 
618783 
612626 


0.606531 


0.21715 
.22149 
22583 
.23018 
-23452 


0.23886 
.24320 
-24755 
25189 
25623 


0.26058 
.26492 
-26926 
.27301 
-27795 


0.28229 
-28663 


0.41258 
-41 692 
42127 
42501 
42995 


0.43429 


0.606531 
-600496 
594521 
-588605 
-582748 


0.576950 
-57 1209 
-505525 
-559898 
-554327 


0.548812 
543351 
“p31 944 
"532592 
527292 


0.522046 
-516851 
511709 
506617 
501576 


0.496585 
-491044 
4867 52 
-481909 
-477114 


0.472367 
.467666 
463013 
-458406 
-453845 


0.449329 
-444558 
-440432 
-436049 
431711 


0.427415 
423162 
-418952 
414703 
410656 


0.406570 
-402524 
-398519 
394554 
390628 


.386741 
382893 
-379083 
$37 $311 
“S/T DAT 


0.367879 
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TABLE 19 (continued), 


EXPONENTIAL FUNCTION. 
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logo (e*) 


logyo (e”) 


0.43429 
-43864 
-44298 
44732 
45107 


0.456001 
46035 
46470 
46904 
47 338 


0.47772 
48207 
-48641 
-49075 
49510 


0.49944 
50378 
50812 
51247 
51081 


0.52115 
52550 
52984 
53418 
-53853 


0.54287 
-54721 
aS 
55599 
56024 


0.56458 . 
56893 
57327 
57761 
58195 


0.58630 
«59004 
59498 


59933 
.60367 


0.60801 
.61236 
.61670 
.62104 
62538 


0.62973 
-63407 
63841 
.64276 
.64710 


0.65144 


0.367879 
364219 
-300595 
-357007 
353455 


0.349938 
.340456 
-343009 
-339596 


330216 


0.332871 
329559 
326280 
923033 
319819 


0.316637 
313486 
310367 
+307279 
304221 


0.301194 
-298197 
295230 
-292293 
289384 


0.286505 
-283654 
280832 
.278037 
.27 5271 


0.272532 
-269820 
-207135 
-264477 
.261846 


.259240 
2500061 
-254107 
“251579 


0.65144 
05578 
66013 
66447 
66881 


0.67316 
-677 50 
68154 
-68619 
-69053 


0.69487 
69921 
70350 
-70790 
-71224 


0.71659 
-7 2093 
72527 
-72901 
-73396 


0.73830 
-74204 
-74699 
75133 
‘75507 


0.76002 
70436 
-76870 
“77 304 
77739 


0.78173 
-78607 
-79042 
79476 
-79910 


0.80344 
80779 
81213 
81647 
.82082 


0.82516 
82950 
83355 
8 3819 
84253 


0.84687 
85122 
85556 


85990 
86425 


0.86859 


203920 


0.201897 
-199888 
-197599 
+195930 
193980 


0.192050 
190139 
-188247 


-186374 
184520 


0.182684 
.180866 
.179066 
177284 
175520 


0.173774 
172045 
-170333 
168638 
.166960 


0.165299 
163654 
.162026 
.160414 
158517 


0.157237 
-155673 
154124. 
.15§2590 
«151072 


0.149569 
.148080 
.146607 
145148 
143704 


0.142274 
.140858 
139457 
138069 
130695 
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50 TABLE 19 (continued). 
. EXPONENTIAL FUNCTION. 
x logy (e”) ex ex x logio (e”) cd ee 
2.00 0.86859 = 7.3891 0.135335 2.50 1.08574 12.182 0.08208 5 
.O1 87293 4033 133989 51 .09008 +305 081268 
02 87727 5333 132655 52 .09442 429 080460 — 
03 88162 6141 131330 53 .09877 554 0796059 
.04 88596 06 .130029 54 -10311 .680 078806 
2.05 0.89030 7.7679 0.128735 2.55 1.10745 12.807 0.078082 
.06 89465 .8460 127454 50 -II179 936 077 305 
07 89899 .9248 126186 57 -11614 13.006 076530 
.08 90333 8.0045 .124930 58 12048 -197 075774 
.09 90768 0849 123687 59 12482 330) 07 5020 
2.10 0.91202 8.1662 0.122456 2.60 1.12917 13-464 0.074274 
II 91636 .2482 121238 61 13351 599 073535 
<2 . -92070 seleyin .120032 .62 13785 .730 .072803 
ait} 92505 .4149 118837 63 -14219 874 .07 2078 
14 92939 4994 117655 64 14654 14.013 071361 
2.15 0.93373 8.5849 0.116484 2.65 1.15088 14.154 0.070651 
.16 .93808 6711 115325 .66 15522 296 069948 
aly 94242 7583 -114178 -67 -15957 440 .0692 52 
18 .94676 8463 113042 68 -16391 585 -068 56 
-19 .Q5110 9352 -ILIOQI7 AES -16825 732 .067881 
2.20 0.95545 9.0250 0.110803 2.70 1.17260 14.880 0.067206 
Pi .95979 1157 .109701 aa .17694 15.02 066537 | 
22 .96413 .2073 -108609 oye 18128 180 065875 | 
a2 96848 -2999 107528 73 18562 BES .065219 
we 97282 3933 -106459 74 .18997 487 .064570 
2.25 0.97716 9.4877 0.105399 2.75 1.19431 15.643 0.063928 
.20 -981 51 5831 -104350 70 19865 .800 063292 
A] 98585 .6794 103312 a7 -20300 959 .062662 
28 -Q9Q0I9 7767 .102284 78 -20734 16.119 .062039 
.29 -99453 8749 -101266 .79 21108 281 061421 
2.30 0.99888 9.97 42 0.100259 2.80 1.21602 16.445 0.060810 
By 1.00322 10.074 099261 SI .22037 -610 .060205 
ao2 . 007 56 .176 .098274 82 -22471 777 .059606 
238 .OL1OI 278 .097 296 83 22905 945 059013 
34 01625 £381 .096328 84 23340 17.116 -058426 
2.35 1.02059 10.486 0.095369 2.85 1.23774 17.288 0.057844 
.30 02493 591 .094420 50 -24208 -462 -057269 
xu) 02928 -697 093481 87 24643 -637 .056699 
.38 03362 805 092551 88 25077 814 .056135 
39 .03796 913 091630 89 25511 993 055570 
2.40 1.04231 11.023 0.090718 2.90 1.25045 18.174 0.05502 
41 04.605 134 08981 5 OI 26380 357 ee 
42 05099 .240 .088922 92 26514 541 .053934 
43 05534 359 .088037 93 27248 728 .053397 
44 05908 473 .087 161 94 27683 -Q16 .052866 
2.45 1.06402 11.588 0.086294 2.95 1.28117 19.106 0.052340 
.46 .068 36 705 085435 -96 28551 .298 Leica 
47 07271 022 1034585 97 2895 5 -492 .051303 
48 07705 O41 083743 .98 29420 -688 .050793 
.49 08139 =: 12.061 .082910 -99 298 54 886 050287 
2.50 1.08574 - 12.182 0.08208 5 3.00 1.30288 20.086 0.049787 
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oe 


TABLE 19 (continued). 


EXPONENTIAL FUNCTION. 


logio(ex) 


logyo(e”) 


1.30288 
-30723 
ee 
31591 
-32026 


1.32460 
32894 
-33328 
33763 
34197 


1.34631 
35006 
+35500 
-35934 
36368 


1.36803 
°37237 
37671 
-38 106 
.38540 


1.38974 
-39409 
39843 
-40277 
-40711 


1.41146 
.41580 
42014 
-42449 
42883 


T-43317 
43751 
.44186 
.44620 
45054 


1.45489 
-45923 
+40357 
.46792 
47226 


1.47660 
48094 
.48529 
.48963 
49397 


1.49832 
.50266 
.50700 
og Sh 
51509 


1.52003 


0.049787 
049292 
.048801 
.048316 
047835 


0.047359 
— .0468388 
.046421 
045959 
04.5502 


0.045049 
.044601 
044157 
043718 
043283 


0.042852 
.042426 
.042004 
.041 586 
O41 172 


0.040762 
0403 57 
039955 
039557 
039164 


0.038774 
0383838 
.038006 
.037628 
SOO 254 


0.036883 
036516 
0361 53 
2035193 
SEG 


0.035084 
034735 
-034390 
.034047 
-033709 


CHO SVS} 
.033041 
032712 
032387 
032065 


0.031746 
031430 
O31 117 
.030807 
.030501 


0.030197 


1.52003 
-52437 
52872 
53306 
-53749 


1.54175 
-§4609 
-55043 
-55477 
«55912 


56346 
-56780 
-57215 
57649 
58083 


58517 
-58952 
59386 
59820 
60255 


.60689 
61123 
61558 


61992 
.62426 


.62860 
63295 
.63729 
64163 


-64.598 
.65032 


33.115 
445 
-784 

34-124 
.407 


34-513 
35-163 
“517 
874 
36.234 


36.598 
966 
37-338 
ate 
38.092 
38-475 
S61 
O9252 
.646 
40.045 


40.447 
s 


317935 
57-457 

985 
53-517 
5 O55 


54.598 


0.030197 
029897 
029599 
.029305 
.029013 


0.028725 
028439 
028156 
.027876 
027598 


0.027324 
.027052 
026783 
020516 

* 026252 


0.025991 
EY Ss) 
025476 
025223 
.024972 


0.024724 
024478 
024234 
5026998 
0237 54 


0.023518 
023284 
.023052 
.022823 
022590 


0.022371 
022148 
021928 
021710 
021494 


0.021280 
.021068 
020858 
020051 
020445 


0.020242 
020041 
019841 
019644. 
019448 


0.019255 
019063 
.018873 
018686 
.018500 


0.018316 
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TABLE 19 (continued). 


EXPONENTIAL FUNCTION. 


logio(e”) 


1.73718 
74152 
-74586 
.75021 
75455 


1.75889 
-70324 
-767 58 
77192 
-77626 


1.78061 
-78495 
.78929 
-79304 
-79798 


1.80232 
.80667 
.STIOL 


81535 
81969 


1.82404 
82835 
83272 
83707 
4141 


bbb bb 


1.84575 
85009 
85444 
85878 
86312 


“2 
<2 
2 
«2 
+2 


fo) 
I 
2 
3 
4 
5 
6 
7 
8 
5 
fe) 
I 
3 
4 


1.86747 
87181 
87615 
88050 
88484 


Go ©) Gd G2 Go 


1.88918 
89352 
89757 
90221 


90055 


1.91090 
91524 
91958 
92392 
.92827 


1.93261 
-93695 
-94130 
94504 
94998 


TO 5433 


86.488 


87.357 
88.235 
89.121 


90.017 


logio(e”) 


0.018316 
018133 
017953 
017774 
OU 57 


0.017422 
-017249 
017077 
.016907 
016739 


0.016573 
.016405 
016245 
.01608 3 


015923 


0.015764 
.01 5608 
.01 5452 
.01 5299 
015146 


0.014996 
.014846 
.01 4699 
014552 
014408 


0.014264 
.O14122 
.013982 
013843 
013705 


0.013569 
.013434 
.013300 
.O1 3168 
.013037 


0.012907 
.012778 
012051 
012525 
.O1 2401 


0.012277 
O12155 
012034 
O1IQI4 
-O11796 


0.011679 
O11 562 
.O11447 
011333 
OL1221 


O,OITTO9Q 


1.95433 
-95867 
.90301 
96735 
97170 


1.97604 
.98038 
-98473 
-98907 
99341 


1.99775 
2.00210 


.00044 
-01078 
.O1513 


2.01947 
02381 
.02816 
.03250 
03084 


2.04118 
04553 
.04987 
05421 
05856 


2.06290 
.06724 
07158 
07593 
.08027 


2.08461 
.08896 
+09330 
.097 64 
-101Q9 


2.10033 
-11067 
11501 
11936 
.12370 


2.12804 
-13239 
-13073 
.I4107 
14541 


2.14976 
.15410 
15844 
-16279 
16713 


2.17147 


O.O1T 109 
-010998 
.010889 
.010781 
.010673 


0.010567 
-010462 
010358 
010255 
010153 


0.010052 
009952 
.0098 53 
-00975 
00965 


0.009562 
009466 
009372 
009279 
.009187 


0.00909 5 
.009005 
.008QI 5 
.0088 26 
.0087 39 


0.008652 
.008 566 
.008480 
.008 396 
.008 312 


0.008230 
.008148 
.008067 
-007987 
.007907 


0.007828 
007750 
007673 
-007 597 
.007 521 


0.007 4.47 
.007 372 
.007 299 
007227 
007155 


0.007083 
.00701 3 
-006943 
00687 4 
.006806 


0.0067 38 
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logio(e) 


17582 
18016 
-18450 
18834 


-19319 
.19753 
.20187 
.20622 
-21050 


-21490 
21924 


.22793 
-23227 


23062 
-24096 


-24905 
-25399 


2.25833 
-26267 
.26702 
.27136 
+27570 


.28005 
.28439 
28873 
-29307 
-29742 


2.30176 
30610 
-31045 
31479 
NSS) 


2.32348 
32782 
-33210 
33050 
-34085 


2.34519 
-34953 
-35385 
35022 
36256 


2.36690 
37125 
+37559 
-37993 
.38428 


2.38862 


TABLE 19 (continued). 
EXPONENTIAL FUNCTION. 


logio(e*) 


2.17147 — 


22350: 


24530 * 
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0.0067 38 
.00667 I 
006605 
000539 
00047 4 


0.006409 
006346 
.006282 
.006220 
.006158 


0.006097 
.006036 
005976 
005917 
005858 


0005199) 
005742 
005685 
.005628 
005572 


0.005517 
-005462 
.005407 
EON 
.00 5300 


0.005248 
005195 
.005144 
005092 
.005042 


0.004992 
.004942 
004893 
004844 
004796 


0.004748 
.004701 
004654 
.004608 
004 562 


0.004517 
004.472 
.004427 
.004383 
1004339 


0.004296 
004254 
.004211 
004.169 
004128 


0.004087 


WO CNOn BONHHO OONOn SOKHO 


OON On AWHEO UOON ON PWNHHO WOON OH AWHHO 


\o 


\o 


ie) 
fe) 


2.17147 
-21490 
25833 
30170 
34509 


2.38862 
43205 
-475,48 
51891 
50234 


2.60577 
.64920 
.69263 
-7 3000 
77948 


2.82291 
86634. 
OO, 
95320 
-99063 


3.04006 
.08349 
12692 
17035 
.21378 


3.25721 
. 30064 
-34407 
-38750 
-43093 


3-47436 
51779 
$0121 
.60464 
.64807 


3-691 50 
SH} 
-77830 
82179 
86522 


3.90865 
95205 
2000 51 

4.03894 
08237 

4.12580 
16923 
21266 
.25609 
529952 


4.34294 


0.0067 38 
.006097 
005517 
.004992 
004517 


0.004087 
003095 
003340 
003028 
002739 


0.002479 
002243 
.002029 
0018 36 
.001662 


0.001 503 
.001 360 
001231 
.OOTII4 
.0O1008 


0.000912 
000825 
.0007 47 
.000676 
-OOOOIT 


0.000553 
000500 
000453 
.000410 
.00037 I 


0.000335 
.000304 
.00027 5 
.000249 
000225 


0.000203 
-000184 
-000167 
.OOOT SI 
.0001 36 


0.0001 23 
-OOOI 12 
.OOOIOI 
.00009I 
.000083 


0.00007 5 
.000068 
.0O0006 I 
000055 
.0000 50 


0.000045 


TABLE 20. 
EXPONENTIAL FUNCTIONS. 
Value of ex? and e-~” and their logarithms. 


) 


[o) 
COON OD UBWdDEH 


I.O101 
1.0408 
1.0942 


Toa 
1.2840 


Wests) 
1.6323 
1.8965 
2.2479 
2.7183 


+ 


= 


H 
COON DM USWDdD EH 


3-3535 
4.2207 
5.4195 
7-0993 
9.4877 


N 


nN 


1.9834 
SLs 
5.1801 


8.6264 


al 
3 
4 

5 
2.6 
7 

8 

2) 
.0 


Q wo 


2.8001 
5.3637 


2.0898 


4.2507 
8.8205 


4.0329 
8.8861 


@ 
COOOND UAW eH 


Pop 


4.5809 


» 
COOOND UsAWdEH 


in 


1.2647 < 107 


‘ 


1.4913 X 10 


“ec 


“c 


1.0482 X 10° 


“ec 


“ 


“ 


1.8673 X roe 


“ 


“ 


1.9975 X 107 


“ce 


1.0718 X 108 


0.00434 
01737 
03909 
06949 
10857 


0.15635 
21280° 
27795 
35178 
43429 


0.52550 
62538 
73396 
85122 
97716 


.II1179 
25511 
40711 
50780 
73718 


-Q1524 
-10199 
29742 
50154 
71434 


2.93583 
3.10601 
40487 
65242 
90865 


4.17357 
44718 
72947 

5.02044 
32011 


5.62846 
94549 
6.27121 
60562 
94871 


7+30049 
66095 
8.03010 
40794 
79446 


9.18967 
Bo307 
10.0061 4 
42741 
85736 


0.99905 
96079 
91393 


OP77305 lone 
555702 be 
39164 
27052 
Og TOmmmnee 


““é 


“ 


O.12155 
79071 X 10-7 
50418 = 
3I5il 
19305 


0.11592 
68233 X 1078 
39307.“ 
22202 ae 
12341 os 


0.67055 X 10—# 
SAS aI 
18644 “ 
95402 X 10-5 
Azgo5ie Fs 


023520 
egy 
53553 X 10% 
24790“ 
11254 aM 


50062 X 10D! 
apiteiayoy te 
93303 X 1078 
39089 
16052 & 


.64614 X 10% 
25494“ 
95595 X 107! 
By 370mm 
13888 
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2 
loge” 


1.995606 
98263 
96091 
D305" 
89143 


1.84365 
78720 
72205 
64822 
56571 


1.47450 
37462 
26604 
14878 
02284 


2.88821 
74489 
59289 
43220 
26282 


2.08476 
3.89801 
70258 
49846 
28566 


3-06417 
4.83399 


TABLE 21. 
EXPONENTIAL FUNCTIONS. 


rT T 
Values of @4*and@ * and their logarithms. 


9 T 
6+ log @4* 


2.1033 0.34109: 0.45594 

4.8105 68219 20788 

1.0551 X 10 1.02328 94780 X 1071 
2.3141 so 36438 43214 eS 
5.0754 “ -79547 19703“ 


9 


1.1132 X 102 2.04656 0.89833 X I 
pili = 38766 40958 
53549“ 72875 18674“ 
1.1745 X 108 3.0698 5 85144 X 10-3 
2.5760 Wy -41094 .38820 


EO40S mae 3-7 5203 0.17700 
1.2392 X 108 4.09313 
277 Omens 43422 
5.9610“ ‘77532 
1.3074 X 108 5.11641 .76487 X 107% 


2.867 5 ss 5-457 51 064573 ae 
6.2503 -79860 “15900—)" 
1.3794 X 108 6.13969 .72495 X 10-6 
3.0254 -48079 eee 
6.6356 “ 82188 15070“ 


TABLE 22. 
EXPONENTIAL FUNCTIONS. 


Vi 


and @ and their logarithms. 


z 


Vir 
Values of & 


vr eV 
log @+* ee 


0.19244 0.64203 
38488 .41221 
57733 -26465 
-70977 16992 
96221 -10909 


1.15465 0.070041 
.34709 044968 
53953 .028871 
.73198 018536 
92442 .OLIQOL 


OOON GQ UbHWNH 


H 


2.11686 0.0076408 
.30930 .0049057 
50174 0031496 
.69418 .0020222 
88663 0012983 


= 
a 


— 
~) 


Soe) sere 
OONQ Uswre 


3-07997 0.00083355 4.92093 
275 a 00053517 -72849 
46395 00034360 53605 
.65639 00022060 -34361 
84883 .0001 4163 -ISI17 


S) 


t 
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56 _ TABLES 23 AND 24. 
. EXPONENTIAL FUNCTIONS AND LEAST SQUARES. 
TABLE 23,—Exponential Functions. 


* Value of ¢ and e~ and their logarithms. 


log ¢ (fea 


0.00679 0.71653 
.01357 : .60653 
.02714 (ike 47237 
04343 ‘ 30788 


04825 .28650 


eee | 0.22313 
.00204 -17377 
.07238 13534 
08686 -10540 
.10857 / 8205 


TABLE 24,—Least Squares. 
2 
——— ha s—(hx)2 
Values of P= fs Cam d (hz). 


This table gives the value of P, the probability of an observational error having a value posi- 
5 Q = Aan 2 > h 
tive or negative equal to or less than x when % is the measure of precision, P = ihe * (ha)? 
Vi 


d(hx). For values of the inverse function see the table on Diffusion. 


ne ae ae ee tae ee ee ee eR | 


> 
8 


is) 


01128 | .02256 | .03384] .04511 | .05637 | .06762 | .07886 | .ogoo8 | .10128 | 
11246 | .12362 | .13476 | .14587] .15695 | .16800 | .17901 | .18999 | .20094 | .21184 
.22270 | .23352 | .24430 | .25502| .26570 | .27633 | .28690 | .29742 | .30788 | .31828 | 
-32863 | -33591 | .34913 | .35928] .36936 | 37938 | -389033 | .39921 | -40901 | .41574 
-42839 | -43797 | -44747 | -45689] .46623 | .47548 | .48466 | .49375 | -50275 | -51167 


0.5 | 52050 | .52924 | .53790 | -54646] -55494 | .56332 | -57162 | .57982 | .58792 | -59594 
.60386 | .61168 | .61941 | .62705] .63459 | .64203 | .64938 | .65663 | .66378 | .67084 | 
.67780 | .68467 | .69143 | .69810] .70468 | .71116 | -71754 | .72382 | .73001 | .73610 | 
.74210 | .74800 | .75381 | .75952| -76514 | .77067 | .77610 | .78144 | -75669 79184 


79691 | 80188 | 80677 | .81156| .81627 | .82089 | .82542 | .82987 | .83423 | .83851 
84270 | 84681 | .85084 | .85478] .85865 | 86244 | .86614 | .86977 | .87333 | .87680 
88021 | .88353 | .88679 | .88997 | .89308 | .89612 | .89910 | .go200 | .90484 | .90761 
91031 | .g1296 | .O1 553 91805] -92051 | .92290 | .92524 | .92751 | .92973 | -93190 
-93401 | .93606 | .93807 | .94002} .9419I | .94376 | 94556 | 94731 | .94902 | .95067 
-95229 | -95385 | -95538 | -95686) .95530 | .95970 | 96105 | .96237 | -96365 | -96490 | 
96611 | .96728 | .g6841 | .96952) -97059 | .97162 | 97263 | -97360 | .97455 | .97546 
97635 ‘97721 | .97804 -97884 | .97962 | .98038 | .98110 | .98181 | .98249 | .98315 
.98379 98441 98500 | .98558]| .98613 | .98667 | .98719 | .98769 | .98817 | .98864 
-98909 | -98952 | .98994 | -99035| -99074 | .9gIII | 99147 | 99182 | .99216 | .99248 
-99279 | -99309 | .99338 | -99366 | .99392 | .990418 | .99443 | -99466 | .99489 | .99511 
-99532 | -99552 | -99572 | -99591| .99609 | .99626 | .99642 | .99658 | .99673 | .99688 
-99702 | -99715 | .99728 | .99741| .99753 | 99764 | -99775 | -99755 | .99795 | -99805 
-998 £4 | .99822 | .99831 | -99839 | -99546 99854 | .99861 | .99867 | .99874 | .gQ880 
-99886 | .99891 | .99897 | -99902| -99906 | .g99I1 | .999T5 | .99920 | .99924 | .99928 
99931 | -99935 | .99938 | -99941 | 99944 | .99947 | .99950 | .99952 | .99955 | -99957 
-99959 | -99961 | .99963 | -99965| .99967 | .99969 | .99971 | .99972 | .99974 | .99975 
-99976 | .99978 | .99979 | -99980| 99981 | .99982 | -99983 | 99984 | .99985 | .99986 
99987 | .99987 | .99988 | .99989]| .99989 | .99990 | .99991 | 99991 | .99992 | -99992 
99992 | .99993 | -99993 | -99994| -99994 | -99994 | .99995 | -99995 | .99995 | .99996 
-99996 | .99996 | .99996 | -99997 | -99997 | .99997 | -99997 | .99997 | .99997 | .99998 
99998 | .99999 | .99999 | 1.00000 


OP AYWDADFOSEVN HOV AHNAVFEWNHOOONAYFONHHO 


nN 


nN 


Q 


2 


t 
Taken from a paper by Dr. James Burgess ‘on the Definite Integral =, e—? dt, with Ex, 


tended Tables of Values.’ Trans. Roy. Soc. of Edinburgh, vol. xxxix, 1900, p. 257. 
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TABLE 25. - fe 
LEAST SQUARES. 


This table gives the values of the probability P, as defined in last table, corresponding to different values of 
«/ +r where 7 is the “‘ probable error.”” The probable error 7 is equal to 0.47694 / h. 


peoenn Nd vnuvnn 
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TABLE 26. 
LEAST SQUARES. 
al 
a 


Values of the factor 0.67454 ses 


Sv? ; : 

2" for the probable error of a single observation, and other 
Hu—t 

similar equations. 


This factor occurs in the equation 7, = 0.6745 


0.3894 
1871 
.1406 
1174 
.1029 


0.0926 
.08 50 
.0789 
.07 40 
0699 
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58 TaBLe 27.— LEAST SQUARES. 


af 
Values of the factor 0.67454| noe 


ST. for the probable error of the arithmetic mean. 
WM u—. 


This factor occurs in the equation roxosnsy| 


0.1947 | 0.1508 
.0500 | .0465 
.0287 0275 
-0201 -0190 
SOL 55am -Ol52 


0.0126 | 0.0124 
.0106 | .O105 
.0092 0091 
008 I .0080 
.007 2 .0071 


TaBLe 28,—LEAST SQUARES. 


1 
n(n—1) 


Values of the factor 0.84634) 


2 


n(w—r 


This factor occurs in the approximate equation y =0.8453 for the probable error of a single observation. 


0.2440 | 0.1890 
0627 | .0583 
.0360 0345 
.0252 | .0245 
.0194 | .O190 


0.0158 | 0.0155 
.0133 | .O131 
OLIGO na 
.OLOI | .O100 
.0090 | .0089 


TABLE 29.—LEAST SQUARES. 
Values of 0.8453 —_—- 
TY 


This factor occurs in the approximate equation 70.8453 for the probable error of the arithmetical mean. 


v 
“ 
bs n 


v 
1— 


a 
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' TABLE 30. 59 
LEAST SQUARES. 


Observation equations : i 
ayZ1 + byzg +... 11%q = My, weight p; 
aeZ1 + bez +... IeZq = Me. weight Pe 


anZy + bnz+... Inzq = Mn, weight Pn. 


Auxiliary equations : 


[paa] =piat +peaz +... pnag. 

[pab] = pyaiby + peagbe + . » Pnanbn. 

[paM] = = piayMy ae peagMy ia . . pnanMn. 

Normal equations : 

[paa]z,+[pab]z +... [pal]zq = [paM] 

[pab|z;+ [pbb]z, +... [pbl]zq = [pbM] 
[pla]z1 +[plb]z +... * [pll]zq = : [pIM]. 
| Solution of normal equations in the form, 

Zz, = A;|/paM] + By[pbM] +... L,[pIM] 


Z, = Ag|paM]| + Be|[pbM] +... Le[ p1M | 


zq = An{paM] + Bn[pbM] +. . . Ln[plM], 


gives : 
| weight of z] = pz; = (Ai)—!; probable error of z} =——— 
V Pz 
r 
weight of z. = pz, =(Bz)—!; probable error of zp =——_ 
V/ Pry 
weight of zq = pz, = (Ln)—}; probable error of zqg=——= 
VP2q 
wherein 


r = probable error ‘i observation of weight unity 


| = au 


= 0.6745 . (q unknowns.) 


Arithmetical mean, n observations: 


2 0.84535 
TH —10:074'5 ‘s ed BADIAY (approx.) =probable error of ob- 
| = Swine servation of weight unity. 


ive) ee OCA RB ny 
ty = OD \ <——_ (approx.) = probable error 
i 745 n(n—1) nVn—1 of mean. 


Weighted mean, n observations: 


Zp v2 2 
= = Pi: . 1 — apy 
| Es 0:0745;\) aero — senosas R =p 
| Probable error (R) of a function (Z) of several observed quantities z1, zg, . . . whose 
I probable errors are teap Hoes Th Te oe & Be 
| (Z15 ZQ, + + 
| nm (2) (2) e- 
Examples : , 
Z=zHk w+... Re oe te 
dl Uh == Noe) So ING De sect Rea Ale Be eee 
| Z= Zy Z2. Ree= Gre Ta + Z2 Det 
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60 TaBLE 31. 
DIFFUSION. 


2 q 
Inverse * values of v/e=1— —— edgy. 
lag hs 


log « =log (2g) + log./4z ¢ expressed in seconds. 
= log 6+ log,/#z. ¢ expressed in days. 
= log y + log \/Az. a “ years. 
k= coefficient of diffusion.tT 
¢ = initial concentration. 
v =concentration at distance x, time ¢ 


log 2g log 6 log y 


+00 +00 ce) 

0.56143 | 3: 3.02970 : 4.31098 
51719 | 3. 2.98545 : .26074 
.48699 | 3. 95525 90 || .23054 
.46306 | 2. -93132 : 21201 
0.44276 | 2. 2.91102 : | 4.19231 
42480 | 2. 89311 : -17440 | 
.40865 | 2.562 87691 : 15820 | 
80872 ne: 86198 , 14327 
-37979 | 2. 84804 | 76 | .12933 
0.36664 | 2.3262 || 2.83490 .75 || 4.11619 
35414 || 2. 82240 .36 || .10369 | 
34218: | 2. 81044 46.31 || .09173 | 
EB GOOT Mn ze | -79893 29.40 || .08022 
SU MGVEE I) 78780 : .06909 
0.30874 | 2. -77699 40 || 4.05828 
29821 | I. -76647 4.08 || 04776 
ASR. || ic 75019 41 || .03748 | 
.27780 8 .74612 : .02741 
26798 | I. 73624 80 || .01753 | 
Gg325 || te | 2.72651 .73 || 4.00780 
.24866 | I. .71692 -10 | 3.99821 
-23919 | 1.73¢ -70745 -86 || .98874 

22963)" De 69805 -98 || .97937 | 
aos || ic .68880 : .97010 | 
OTs A iy 1. | 2.67960 19 || 3.96089 | 
20220 | 1.5 || .67046 8.23 || .95175 | 
19312 | I. 66137 458.53 || -94266 | 
SLO 4 Oya eles 2 .65232 .08 || .93361 
AU/SOS || ihe .64331 | 85 || .92460 | 
0.16606 | I. 63431 84 || 3-91560 | 
-15708 5 62533 , 90662 | 
14810 | I. | .61636 -39 || .89765 

enson2a|| 1: | .60738 | 404.93 || .88867 

BI OUAM aie 59840 | 3906.6 87969 

0.12114 | I. | 2.58939 | 8.50 || 3.87068 

-TT2II | 1.29 | .58037 | : 86166 | 
.10305 | 1.2678 sey 66 || .85260 
09306 | I. | .36222 ; 84351 
08482 | I. -55308 -34 || 83437 | 


0.07563 | I. | 2.54389 
.06639 | I. 53404. 
.05708 | I. 52533 
.04770 | I. | .5I595 
03824 | I.0¢ 50050 

0.02870 | 1.0683 || 2.49696 
.O1907 | 
-009 34 | 

9.99951 | 0.99886 |). 293.60 
.98956 | 0.97624 || .4578 286.06 || 


9:97949 | 0.95387 ; 280.38 | 3.72904 


db bv 
\O CON 


er 
Pie) 


QOannana NII OO 
Uu™so On 
ML O DUI 

RROD MH OALO 


+ Kelvin, Mathematical and Physical Papers, vol. III. p. 428; Becker, Am. Jour. 
of Sci. vol. III. 1897, p. 280. *¥For direct values see table 24. 
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log 2g 


TABLE 31 (continued ). 
DIFFUSION. 


29 


61 


log 5 


log y 


9.97949 
96929 
-95896 
.94848 
93784 


9.92704 
-91607 
-90490 
89354 
83197 


9.87018 
85815 
84587 
-83332 
82048 


9807 34 
-79388 
.78008 
-70590 
75133 


9-7 3034 
72089 
72495 
68849 
.67146 


9.65381 
-63550 
.61646 
59662 
57590 


9.55423 
.53150 
50758 
-48235 
45504 


9.42725 
-39695 
36445 
.32940 
-29135 


9.24972 
"20374 
.15239 
.09423 

9.02714 

8.94783 
85082 
.72580 


24859 


—1e9) 


54905 


0.95387 
93174 
-9098 3 
88813 
86665 


0.84536 
82426 
80335 
-78260 
76203 


0.74161 
72135 


-70124 || 


.68126 
66143 


0.64172 
62213 
.60266 
58331 
56407 


0.54493 | 
52585 
-50694 
.48808 || 
46931 || 


0.45062 
43202 
41348 


+39502 | 


-37 062 


-35829 


.34001 


32180 
-30363 


28552 


-26745 
-24943 
-23145 
-21350 


“10559 


17771 
15986 
14203 
12423 


10645 || 
.08868 || 


.07093 
05319 


03545 


01773 


0.00000 | 


2.44775 
43755 
42722 
-41674 
.40610 


2.39530 
38432 
-37316 
30180 
35025) 


2.33843 
-32040 
31412 
80157 
-28874 


2.27560 
26214 
-24833 
23416 
21959 


-20459 
-ISQIS 
Boe 
15675 
.1 3972 


.12207 
10376 
.08471 
.06487 


04416 | 


.02249 
99975 
.97 584 
95061 
92389 


‘89551 
86521 
83271 
-79766 
75061 


‘71797 
.67200 
.62065 
-56249 
49539 


.41609 


«31907 
.19400 


.O1791 
0.71684 


— oo 


280.38 
273.87 
267.43 
261.06 
254.74 


248.48 
242.28 
236.13 
230.04 
223.99 


217.99 
212.03 
206.12 
200.25 


194.42 


188.63 
182.87 
7ells 
171.46 
165.80 


160.17 
154.58 
149.01 
ey 
Nye) 


132.46 
126.99 
121.54 
I16.11 
110.70 


105.31 
99-943 
94.589 
89.250 
83.926 


78.615 
73-317 
68.032 
62.757 
57-492 


2.236 
46.959 
40-752 
36.516 
31.289 


26.067 
20.848 
15.633 
10.421 


5.21007 | 


0.00000 | 


3-7 2904 
.71884 
70851 
69803 
68739 


3.67659 
.66561 
05445 
-64309 
63152 


3-61973 
.60770 


“59541 
58286 
57003 


3.55689 
54343 
52962 
51545 
-50088 


3.48588 
-47044 
“45450 
43804 
-42101 


3.40336 
38505 
-30000 
346106 
“32545 


3.30378 
.28104 
.25713 
.23190 
20518 


.17680 
14650 
11400 
07895 
.04090 


.99926 
95329 
-QOT94 
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62: TaBLe 32. . 
CAMMA FUNCTION.* 


© 
Value of sf e 7%" dx +10. 
A} 


a 
Values of the logarithms + 10 of the “‘ Second Eulerian Integral ’’ (Gamma function) et" dro log Tin)+ic 
- J0 
for values of 2 between 1 and 2. When » has values not lying between 1 and 2 the value of the ft nction can be 
readily calculated fram the equation I(#+1) = xI(z) = n(z—1) . . . (x—7)I(u— 7). , 

n (0) 1 2 3 4 5 6 7 8 <) 
1.00 | 9.99 97497 | 95001 | 92512 | 90030 | 87555 | 85087 | 82627 | 80173 | 77727 
1.01 75287 | 72855 | 70430.| 68011 | 65600 | 63196 | 60798 | 58408 | 56025 | 53648 
1.02 51279 | 48916 | 46561 | 44212 | 41870 | 39535 | 37207 | 34886 | 32572 | 30265 
1.03 27964 | 25671 | 23384 | 21104 | 18831 | 16564 | 14305 | 12052 | 09806 | 07567 
1.04 | _ 05334 | 03108 | 00889 | 98677 | 96471 | 94273 | 92080 | 89895 | 87716 | 85544. 
1.05 | 9.9883379 | 81220 | 79068 | 76922 | 74783 | 72651 | 70525 | 68406 | 66294 | 64188 
1.06 62089 | 59996 | 57910 | 55830 | 53757 |. 51690 | 49630 | 47577 | 45530 | 43459 
1.07 41455 | 39428 | 37407 | 35392 | 33384 | 31382 | 29387 | 27398 | 25415 | 234390 
1.08 21409 | 19506 | 1754 15599 | 13055 | 11717 | 09785 | 07860 | o59041 | 04029 
1.09 02123 | 00223 | 98329 | 96442 | 94561 | 92686 | 90818 | 88956 | 87100 | 85250 
1.10 | 9.9783407 | 81570 | 79738 | 77914 | 76095 | 74283 | 72476 | 70676 | 68882 | 67095 
I.1I 65313 | 63538 | 61768 | 60005 | 58248 | 56497 | 54753 | 53014 | 51281 | 49555 
1.12 47534 | 46120 | 44411 | 42709 | 41013 | 39323 | 37638 | 35960 | 34288 | 32622 
11 30962 | 29308 | 27659 | 26017 | 24381 | 22751 | 21126 | 19508 | 17896 | 16289 
1.14 14689 | 13094 | 11505 | 09922 | 08345 | 06774 | 05209 | 03650 ; 02096 | 00549 

1.15 | 9.9699007 | 97471 | 95941 | 94417 | 92898 | 91386 | 89879 | 88378 | 86883 | 85393 
1.16 83910 | 82432 | 80960 | 79493 | 78033 | 76578 | 75129 | 73086 | 72248 | 70816 
1.17 69390 | 67969 | 66554 | 65145 | 63742 | 62344 | 60952 | 59566 | 58185 | 56810 
1.18 55440 | §4076 | 52718 | 51366 | soorg | 48677 | 47341 | 45011 | 44687 | 43368 
1.19 42054 | 40746 | 39444 | 38147 | 36856 | 35570 | 34290 | 33016 | 31747 | 30483 
1.20 | 9.9629225 27973 26725 | 25484 | 24248 | 23017 | 21792 | 20573 | 19358 | 18150 
1.21 16946 | 15745 | 14556 | 13369 | 12188 | Itorr | ogS4r | 08675 | 07515 | 06361 
1.22 05212 | 04068 | 02930 | 01796 | 00669 99546 | 98430 | 97315 | 96212 | 95111 
1.23 594015 | 92925 91840 | 90760 | 89685 | 88616 | 87553 | 86494 | 85441 | 84393 
1.2 83350 | 82313 | 81280 | 80253 | 79232 | 78215 | 77204 | 76198 | 75197 | 74201 
1.25 | 9.9573211 | 72226 | 71246 | 70271 | 69301 | 68337 | 67377 | 66423 | 65474 | 64530 
1.26 63592 | 62658 | 61730 | 60806 | 590888 | 58975 | 58067 | 57165 50267 55374 
T2y) 54487 53604 | 52727 | 51855 | 50988 | 50126 | 49268 | 48416 | 47570 | 46728 
1.28 45891 | 45059 | 44232 | 43410 | 42593 | 41782 40975 | 40173 | 39376 | 38585 
1.29 37798 | 37016 | 36239 | 35467 | 34700 | 33938 | 33181 | 32429 | 31682 | 30940 
1.30 | 9.9530203 | 29470 | 28743 | 28021 | 27303 | 26590 | 25883 | 25180 | 24482 | 23789 
iia 23100 | 22417 | 21739 | 21065 | 20396 | 19732 | 19073 | 18419 | 17770 | 17125 
1.32 10485 | 15850 | 15220 14595 | 13975 | 13359 12745 | 12142 | 1154 | 10944 
ge 10353 | 09766 | 09184 | 08606 | 08034 | 07466 | 06903 | 06344 | 05791 | 05242 
1.34 04698 | 04158 | 03624 | 03094 | 02568 | 02048 | 01532 | oro2I | 00514 | coo12 
1.35 | 9.9499515 | 99023 | 98535 | 98052 | 97573 | 97100 | 96630 | 96166 | 95706 | 95251 
1.36 | , 94800 | 94355 | 93913 | 93477 | 93044 | 92617 | 92194 | 91776 | 91362 | 90953 
1.37 90549 | 90149 | 89754 | 89363 | 85977 | 88595 | 88218 | 87846 | 87478 | 87115 
1.38 86756 | 86402 | 86052 | 85707 | 85366 | 85030 | 84698 | 84371 | 84049 | 83731 
1.39 $3417 | 83108 | 82803 | 82503 | 82208 | 81916 | 81630 | 81348 | 81070 | 80797 
1.40 | 9.9480528 | 80263 | 80003 | 79748 | 79497 | 79250 | 79008 | 78770 | 78537 | 78308 
1-41 75084 | 77864 | 77648 | 77437 | 77230 | 77027 | 76829 | 76636 | 76446 | 76261 
1.42 76081 | 75905 | 75733 | 75565 | 75402 | 75243 | 75089 | 74939 | 74793 | 74652 
1.43 74515 | 74382 | 74254 | 74130 | 74010 | 73894 | 73783 | 73676 | 73574 | 73476 
1.44 7332 | 73292 | 73207 | 73125 | 73049 | 72976 | 72908 | 72844 | 72784 | 72728 


* Legendre’s ‘Exercises de Calcul Intégral,’’ tome ii. 
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TABLE 32 (continued). 63 
CAMMA FUNCTION. 


n (0) a 2 3 4 5 6 7 8 9 
1.45 | 9.9472677 | 72630 | 72587 | 72549 | 72514 | 72484 | 72459 | 72437 | 72419 | 72406 
1.46 72397 | 72393 | 72392 | 72396 | 72404 | 72416 | 72432 | 72452 | 72477 | 72506 
1.47 72539 | 72576 | 72617 | 72662 | 72712 | 72766 | 72824 | 72886 | 72952 | 73022 
1.48 73097 | 73175 | 73258 | 73345 | 73436 | 73531 | 73630 | 73734 | 73841 | 73953 
1.49 74068 | 74185 | 74312 | 74440 | 74572 | 74708 | 74848 | 74992 | 75141 | 75293 
. 
1.50 | 9.9475449 | 75610 | 75774 | 75043 | 76116 | 76292 | 76473 | 76658 | 76847 | 77040 
1.51 77237 | 77437 | 77642 | 77851 | 78064 | 78281 | 78502 | 78727 | 78956 | 79189 
1.52 79426 | 79667 | 79912 | 80161 | 80414 | 80671 | 80932 | 81196 | 81465 | 81738 
1.53 82015 $2295 82580 | 52868 | 83161 | 83457 | 83758 | 84062 | 84370 | 84682 
1.54 84998 | 85318 | 85642 | 85970 | 86302 | 86638 | 86977 | 87321 | 87668 | 88019 
1.55 | 9.9488374 | 88733 | 89096 | 89463 | 89834 | 90208 | 90587 | 90969 | 91355 | 91745 
1.56 92139 | 92537 | 92938 | 93344 | ©3753 | 94166 | 94583 | 95004 | 95429 | 95857 
1.57 96289 | 96725 | 97165 | 97609 | 98056 | 98508 | 98963 | 99422 | 99885 | 00351 
1.58 500822 | 01296 | 01774 | 02255 | 02741 | 03230 | 03723 | 04220 | 04720 | 05225 
1.59 05733 | 06245 | 06760 | 07250 | 07803 | 08330 | 08860 | 09395 | 09933 | 10475 
1.60 | 9.9511020 | 11569 | 12122 | 12679 | 13240 | 13804 | 14372 | 14943 | Iss1 16098 
1.61 16680 | 17267 | 17857 | 18451 | 19048 eee peeen rons mae Bt 
1.62 - 22710 | 23333 | 23960 | 24591 | 25225 | 25863 | 26504 | 27149 | 27708 | 28451 
1.63 29107 | 29766 | 30430 | 31097 | 31767 | 32442 | 33120 | 33801 | 34486 | 35175 
1.64 35867 | 36563 | 37263 | 37966 | 38673 | 39383 | 40097 | 40815 | 41536 | 42260 
1.65 | 9.9542089 | 43721 | 44456 | 45195 | 45938 | 46684 | 47434 | 48187 | 48944 | 49704 
1.66 0468 | 51236 | 52007 | 52782 | 53560 | 54342 | 55127 | 55916 | 56708 | 57504 
1.67 58303 | 59106 | 59913 | 60723 | 61536 | 62353 | 63174 | 63998 | 64825 | 65656 
1.68 66491 | 67329 | 68170 | 69015 | 69864 | 70716 | 71571 | 72430 | 73293 | 74159 
1.69 75028 | 75901 | 76777 | 77657 | 78540 | 79427 | 80317 | 81211 | 82108 | 83008 
1.70 | 9.9583912 | 84820 | 85731 | 86645 | 87563 | 88484 | 89409 | 90337 | 91268 | 92203 
1.71 93141 | 94083 | 95028 | 95977 | 96929 | 97884 | 98843 | 99805 | 00771 | 01740 
1.72 602712 | 03688 | 04667 | 05650 | 06636 | 07625 | 08618 | 09614 | 10613 | 11616 
i786 12622 | 13632 | 14645 | 15661 | 16681 | 17704 | 18730 | 19760 | 20793 | 21830 
1.74 22869 | 23912 | 24959 ; 26009 | 27062 | 28118 | 29178 | 30241 | 31308 | 32377 
1.75 | 9.963345! | 34527 | 35607 | 36690 | 37776 | 38866 | 39959 | 41055 | 42155 | 43258 
1.76 44304 | 45473 | 40586 | 47702 | 48821 | 49944 | 51070 | 52199 | 53331 | 54467 
1.77 55006 | 56749 | 57594 | 59043 | 60195 | 61350 | 62509 | 63671 | 64536 | 66004 
1.78 67176 | 68351 | 69529 | 7O7I0 | 71895 } 73082 | 74274 | 75468 | 76665 | 77866 
1.79 79070 | 80277 | 81488 | 82701 | 83918 | 85138 | 86361 | 87588 | 88818 | goosr 


1.80 | 9.9691287 | 92526 | 93768 | 95014 | 96263 | 97515 | 98770 | C0029 | O1291 | 02555 
1.81 703823 | 05095 | 06369 | 07646 | 08927 | ro2zI | 11498 | 12788 | 14082 | 15375 


1.82 16678 | 17981 | 19287 | 20596 | 21908 | 23224 | 24542 | 25864 | 27189 | 28517 
1.83 29848 | 31182 | 32520 | 33860 | 35204 | 36551 | 37900 | 39254 | 40610 } 41969 
1.84 43331 | 44697 | 46065 | 47437 | 48812 | 50190 | 51571 | 52955 | 54342 | 55733 
1.85 | 9.9757126 | 58522 | 59922 | 61325 | 62730 | 64139 | 65551 66966 68384 | 69805 
1.86 71230 | 72657 | 74087 | 75521 | 76957 | 78397 | 79839 | 81285 | 82734 | 84186 
1.87 85640 | 87098 | 88559 | 90023 | 91490 | 92960 | 94433 | 95909 | 97389 | 98871 
1.88 800356 | 01844 | 03335 | 04830 | 06327 | 07827 | 09331 | 10837 | 12346 | 13859 
1.89 15374 | 16893 | 18414 | 19939 | 21466 | 22996 | 24530 | 26066 | 27606 | 29148 
1.90 | 9.9830693 | 32242 | 33793 | 35348 | 36905 | 38465 | 40028 | 41595 | 43164 | 44736 
1.91 46311 | 47890 | 49471 | 51055 | 52642 | 54232 | 55825 | 57421 | 59020 60621 
1.92 62226 | 63834 | 65445 | 67058 | 68675 | 70294 | 71917 | 73542 | 75170 | 76802 
1.93 78436 | 80073 | 81713 | 83356 | 85002 | 86651 | 88302 | 89957 | 91614 | 93275 
1.94 94938 | 96605 | 98274 | 99946 | 01621 | 03299 | 04980 | 06663 | 08350 | 10039 
1.95 | 9.9911732 | 13427 | 15125 | 16826 | 18530 | 20237 | 21947 | 23659 | 25375 | 27093 
1.96 28815 | 30539 | 32266 | 33995 | 35728 | 37464 | 39202 | 40943 | 42685 | 44435 
1.97 46185 | 47937 | 49693 | 51451 | 53213 | 54977 | 56744 | 58513 | 60286 | 62062 
1.98 63840 | 65621 | 67405 | 69192 | 70982 | 72774 | 74570 | 76368 | 78169 79972 
1.99 81779 | 83588 | 854or | 87216 | 89034 | 90854 | 92678 | 94504 | 96333 | 95165 
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64 TABLE 33. 
ZONAL SPHERICAL HARMONICS.* 


Degrees 


-+ 1.0000 
9957 
9830 
.g620 
-9329) 


+ 0,8962 
8522 
8016 
7449 
6830 


+ 0.6164 
5462 
“4731 
.3980 
-3218 


WOON ON fWNHHO 


2455 
.1700 
.0g61 
.0248 
0433 


.107 2 
.1664 
.2202 
.2680 
3094 


— 0.3441 
S17, 
-3922 
-4053 
4113 


NN wwHN 


5 
6 
7 
8 
29 


w 
[o} 


— 0.4102 
-4022 
-3877 
-3671 
-3409 


.3096 
2738 
2343 
-1918 
1470 


.1006 
0535 
.0064 
.0398 
.0846 


1271 
.1667 
.2028 
2350 
.2626 


+ 0.2854 


* Calculated by Mr. C. E. Van Orstrand for this publication. 
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TABLE 33 (continued). 65 
ZONAL SPHERICAL HARMONICS. 


Degrees P, 


+ 0.6428 
-6293 
6157 
6018 


5878 


+ 0:5736 
5592 
-5446 
+5299 
+5150 


++ 0.5000 
-4848 
4695 
.4540 
4384 


+ 0.4226 
-4067 
+3997 
-3746 
3584 


3420 
.3256 
«3090 
-2924 
2756 


+ 0.2588 
.2419 
.2250 
-2079 
1908 


+ 0.1736 
-1564 
.1392 
.1219 
1045 


+ 0.0872 
.0698 
0523 
0349 
.O175 


-++ 0.0000 
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66 TABLE 34. 
CYLINDRICAL HARMONICS OF THE 0TH AND ist ORDERS 
Values when n =o and x of the Bessel function Jn (x) 
xt he ye ao) 
tanepoers Ss ST) Ie ae dx 


an 


~ 39P (n +1) 


a2 
aercees 


eee | 
Jo (x) Si (x) Ji (x) Si (x) Jo (x) Ji (x) Jo (x) Ji (x) 


unity zero 50} .938470] .242268 .765198] .440051 -511828] .557937 
.999975] 005000] .51| .936024] .246799]| -o1| .760781 .443286]| .51] .506241] -559315 
.999900] .o10000]| 52] .933534] -251310]| -02] -756332 -446488]| .52] .500642] .560653 
.090775] .014998]| .53] -930998] .255803]| .03] -751851 .449658]| .53] 495028] .561951 
.999600} .o19996||  .54] .928418] .260277|| -04| -747339| -452794|| - .489403] .563208 


.999375| .024992|| .55] .925793] .264732||L .05] .742796| .455897/|1 .55) .483764) 564424 
.999100] .029987|| .56] .923123] -209166]| .06] .738221| .458966)| .56) .478114 -565600 
.998775| .034979||  -57| .920410] .273581|| -07| -733616| .462001|| .57| .472453] 506735 
.998401} .039968]||  .58] .91 7652] .277975]| -08] .728981| .465003]| .58] .466780) .567830 
.997976| .044954|| .50] 914850] .282340|| .09] -724316| .467970]| -59| .461096] .568883 


.997502| .049938]| .60| .gt2005] .286701]|1 .10} .719622] .470902/|1 .60} .455402] .569806 
.996977| .054017]| .61| .qog1 16] .291032]| -11| .714898] .473800]| 61] .449698) .570868 
996403] .0598092|| .62| .905184] .295341|| -12] .710146) .476663]| .62) .443985] .571798 
.995770| 064863]; .63] .903209] .299628|| .13] .705365] .479491|| -63| .438262] .572688 
.995106] .069829|| .64| .goorg2| .303893]| -14] .700556| .482284]| .64) .432531) -573537 


-994383] .074789|| 65} 897132} .308135)|L 15) .695720) .485041/|1 .65) .426792) 574344 
-993010] .079744]] .66] .894029} .312355|| -16) .690856] .487763]| .66) .421045] .575111 
.992788] .084693|| .67| .890885] .316551]| -17] 685965] .490440|| -67| .415290] .575836 
.991916] .089636)| 68] .887698]..320723)| .18] .681047] .493098]| .68) .409528] .576520 
-990995| .094572]| .60] .884470] .324871]| .19] .676103] .495712]| -60] .403760] .577163 


-990025| .oggs5o1|| .70) .881201] .328996]|1 .20| .671133] .498280]/1 .70) . 85| - 6 
.989005| .104422]| .71| .877890] .333096]| .21] .666137] .500830]| . Bo geese 
-.987937| -109336|| .72] 874539] -337170]| -22] 661116] .503334|| .72] .386418! .578845 
986819] .114241|| .73] 871147] .341220]| .23] .656071| .50580r|! .73| .380628] .570323 
985652] .119138]| .74] 867715] .345245]] .24| .651000] .508231|| .74] .374832] .579760 


.984436] .124026]| .75] .864242] .349244)|1 .25| 645906] .51062 -13) .369033} . 

.983171| .128905]| .76] .860730] .353216]| .26] .640788 poe : fee ed 
.981858] .133774|| .77| 857178] .357163]| .27| .635647| .515206|| -77| .357422] .580824 
.980496] .138632]| .78] .853587] .361083]| .28] .630482] .517577|| .78] .351613| .581096 
-979085] .143481|| .79] -849956] .364976]| -20] 625205] .510810]| .70] .345801| .581327 


.977626] .148310|| .80) .846287] .368842]|1 .80) .620086) .52202 . 

.Q76119] .153146]| .81} .842580] .372681|| .31] .614855 pepe : hee areee 
974563] .157961|| .8: 838834 -376492|| 32] .609602] .526317|| .82| 328353 -581773 
-972960| .162764]| .83] :835050] .380275]| .33] 604320] .528407]| .83] .322535| .581840 
-971308] .167555]| .84) -831228] .384029]| .34] .599034 .530458|| -84] .316717] .581865 


969609] .172334]| .85} .827369] -387755]|1 .35] 593720] .532470]/1. 108 

.967861| .177100]} . 823473] .391453]| -30] .588385 ey 3 as Ds 
.966067} .181852|| .87] .819541| .395121|| .37] 583031] .536370]| - -299262| .581695 
964224] .186591|| .88] .815571| .398760]| .38] .577658] .538274|| . -293446] .581557 
-962335| .191316]| .89| -811565] .402370]| .30] .572266] .54o13r|| . .286631 ‘381377 


-960398] .196027 -90) .807524] .405950]|L .40) 566855] .sar948i|L . 28181 

-958414] .200723]|| .91} 803447] .409499]| .41| .561427 ee : pene: ie 
-956384] .205403|| . -799334| -413018}} .42] 555981] .545464]| .92| .270201 580505 
-954306] .210069]| .93] -795186] .416507|| .43| 550518] .547162|| . -264307 "380282 
-952183] .214719|| .94| .791004] .419965]| .44] .545038| .54882t]| . .258506 579870 


-950012] .219353]| .95| .786787] .423302|/1 .45) .s3qs41| .sso44t|i1 - 252 

-047796] .223970]| .96] .782536] .426787]| .46] .534020 srepes: : ke Sines 
945533] -228571|| .97) -778251| .430151|| .47] .528s0r -553559]|| -97| .241220 ae 
pas -233154]|  .98] .773933| -433483]] -48] .522958] .555050|| -98) .235438] .577034 
-940870] .237720]| .99| -769582] .430783]|| .49] .517400] .556518|| . -229661 en 


-938470| .242268]|1 .00) .7651098] .440051||1 .50) .511828 -§57937||4 -90| .223891] .576725 
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iv 


Ji (x) = —Jo! (x). 


Jo(x) 


.223801 
.218127 
-212370 
-200620 
-200878 


-1905143 
-189418 
.183701 
-177993 
.172205 


-166607 
.160929 
-155262 
-149607 
-143963 


138330 
132711 
-127104 
121509 
115929 


-110362 
-104810 
.099272 
-093749 
.088242 


.082750 
077274 
-O71815 
.066373 
.060947 


#055540 
.O50150 
-044779 
-039426 
.034092 


.028778 
.023483 
.018208 


012954. 
007720 


.002508 
-41|—.002683 
-42|—.007853 
-43|—-01 3000 
.44)—.018125 


2.45|—.023227 
.46/—.028306 
-47|—-033301 
-48|—.038393 
-40|—-043401 


2.50|—.048384 


Ji (x) 


-5 70725 
-576060 
-575355 
-574011 
573827 


573003 


572139 


-571230 
+570204 
-569313 


-568292 
-567233 
-566134 
-564997 
.563821 


.562607 
-501354 
560063 
-558735 
-557308 


-555963 
554521 
553041 
-551524 
-549970 


-548378 
-546750 
-545085 
543384 
-541646 


-539873 
538063 
530217 
534336 
-532419 


-530407 
528480 
526458 
524402 
.522311 


.5 20185 
518026 
-515833 
513606 
511346 


509052 
.506726 
504366 
-S01974 
499559 


.497094 


; TABLE 34 (continued). 
CYLINDRICAL HARMONICS OF THE OTH AND ae ORDERS. 


Jn (x) = 


x Jo (x) Si (x) 


2.50|—.048384].497004 
-51/—.053342|.494606 
5 2|—.058276].492086 
-53|—-003184].489535 
-54|—-068066]. 486953 


2.55|—.072923].484340 
-56|/—.077753]-481696 
-57|—-082557]|.479021 
-58|—.087333].476317 
-59|—.09 2083].473582 


2.60|—.096805].470818 
-61|—.101499].468025 
-62|—.106165].465202 
-63]—.110803].462350 
-64|—.115412|.459470 


2.65)—. 
-66|—. 
.67|-. 
.68)—. 
-69|—-. 


2.70|—.142449 
-71|—.146850 
-72|—.151220 
-73)—-155559 
-74|—-159806 


2.75|—. 


-450561 
124543]-453025 
129065].450060 
133557|-447008 
138018].444648 


19992 


441601 
438528 
435428 


.429150 


I64141].425972 


.422769 


-76|—.168385 
-77|—-172597 
.176776 
.180922 


419541 
416288 
413011 


.185036 
-I8Q117 
-193164 
-197177 
-201157 


409709 
.406384 
-403035 
-399662 
.390267 


-392849 
389408 
-385945 
.382461 
-378955 


-205102 
.209014 
.212890 


-216733 
.220540 


-224312|.375427 
.228048].371879 
-231749].308311 
-235414|.364722 
.239043|.301113 


+242030)-357455)|5- 
.246193|.353837 
-249713|.350170 
-253196|.346484 
.250643}.342781 


.26005 2|.339059 


432302); 


(—1)"Jn (x). 


Jo (x) 


—.260052 
—.203424 


—.270055 
—-273314 


—-270535 
—.279718 
—.282862 
—.285968 
—.289036 


—.292064 
—-295054 
—.298005 
—.300916 
—.303788 


—.300621 
—.309414 
—.312168 
—.314881 
—-317555 


—.320188 
—.322781 
—-325335 
—.327847 
—-330319 


—-332751 
—-335142 
=:337492 
—.339801 
—.342009 


—.3442096 
—.340482 
—.348627 
—-359731 
—+352793 


—.354814 
—.350793 
—.358731 
—.300628 
—.302482 


—.364296 
—.366067 
2|—.367797 
3|—--369485 
—.371131 


= 312135 
—.374207 
—.375818 
—.3772096 
—.378733 


—.380128 


Other orders may be obtained from the relation, Jn +1(x) -2 Lg n(x) — 


Ji (x) 


339959 
335319 
—.266753}. 


331563 


-327789 
-323998 


320191 
.316368 
312520 
.3086075 
.304805 


.300921 
2907023 
-293110 
289184 
.285244 


.281291 
-277320 
-273348 
-269358 
265356 


261343 
257319 
253284 
249239 
-245184 


.241120 
-237046 
232063 
.228871 
224771 


-220663 
.210548 
-212425 
-208296 
-204160 


.200018 
-195870 
-Igt716 
187557 
-183394 


.179226 
175054 
.170878 
-166699 
.162516 


.158331 
-154144 
-149954 
-145763 
.I41571 


-137378 
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In-1 (x). 


x Jo(x) 


3.50/—.3801 28 
-51|—-381481 
-52|—.382791 
-53|—-384060 
-54|—-385 287 


3.55|/—.386472 
-56|—.387615 
-57|—-388717 
-58|—.389776 
-59|—-399793 


Pras 391760 
.61)— +392703 
-62}—.393595 
-63/—.394445 
-64/—.395253 


3.65 
.66 


—.396020 
—-396745 
-67|—.397429 
.68|—.398071 
-69|—.398671 


3.70/—.399230 
-71|—-399748 
-72|—.400224 
-73|—-400659 
-74|—.401053 


3.75 
-76 
77 
78 
-79 


3.80]/—.402556 
.81|—.402664 
.82|—.402732 
.83|—.492759 
.84|—.402746 


3.85)—.402692 
.86/—.402599 
.87|—.402465 
.88]—.402292 
.89|—.402079 


3.90 
-QI 
92 
.93 
94 


3.95 
.96 
97 
.98 
99 


4.00 


—.401406 
—.401718 
—.401989 
—.402219 
—.402408 


—.401826 
—-401534 
—.401202 
—.400832 
—.4004.22 


—.399973 
—.399485 
—.398959 
—.398304 
—.397791 


—+397150 


Si (x) 


-137378 
.133183 
.128989 
-124795 
.120601 


-116408 
-112216 
-108025 
-103836 
.099650! J 


.095466 
091284 
.087106 
.082031 
.078760 


-074593 
.070431 
.066274 
.062122 


057975 


.053834 
.049699 
1045571 
.041450 
.037336 


.033220 
.029131 
.025040 
.020958 
.016885 


.O12821 
.008766 
.0047 22 
.000087 
—-003337 


—.007350 
.O11352 
015343 
.019322 
.023289 


—.027244 
.031186 
035115 
.039031 
042933 


.046821 
.050095 
054555 
.058400 
—.062229 


"066043 


68 


to 15.0. 


TABLES 35-36. 
CYLINDRICAL HARMONICS OF OTH AND 1st ORDERS. 


TABLE 35.— 4-place Values for x = 4.0 


A Ro WHO O MONA RO KHO O OVO AWHHO O OVO AWHHO O OOM AWHHO OOOH AH DHO 


0D OU ON BO HHO ODO ONAN AW HHO O ONAN AWNHHO O OVO AH HHO O OYON AHWDHO O OY OM 


Jo(x) | J’ (x) 


.1939|+. 1613 


. 2090 
.2218 
. 2323 
. 2403 
- 2459 
. 2490|+ 
. 2496 
- 2477 
2434 
. 2366 
.2276 
. 2104 
. 2032 
. 1881 
gD 
.1528 
.1330 
3 Waar 
.0902 
.0677 
.0446 
.0213 
.0020 
.0250 


-O477 
.0097 
.0908 
- 1108 
.1296 
.1469 
.1626 
.1766 
.1887 
.1988 
. 2069 
P2020) 
. 2167 
. 2183 
oa 
.2150 
. 2101 
. 2032 
- 1943 
. 1836 
-1711 
.1570 
. 1414 
-1245 
. 1005 
.0875 
.0079 
.0476 
.0271 
0004 
—.O142 


-1395 
.1166 


.0928 
.0084 


+0435 
.0184 
.0066 
.0313 
-0555 
0789 
Bors 
.1224 
.1422 
. 1603 
.1768 
. 1913 
. 2039 
PRR 
52225 
. 2284 
. 2320 
- 2333 
2323 
. 2290 
.2234 
52157 
. 2060 
- 1943 
.1807 
.1655 
.1487 
OT 
.III4 
.OQI12 
.0703 
.0489 
.0271 
.0052 
.0166 
.0380 
-0590 
.O791 
.0984 
. 1165 
-1334 
.1488 
.1626 
-1747 
.1850 
-1934 
- 1999 
. 2043 
. 2006 
. 2069 
. 2051 
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TABLE 36. — Roots. 
(a) 1st x0 roots of Jo(x) = 0 


Higher roots may be calculated to better 
than r part in 10,000 by the approximate 
formula. 


Ryn= Raat 
Ri = 2.404826 
R, = 5.520078 
R3 = 8.653728 
Ry = 11.791534 
Rs = 14.930918 
Re = 18.071064 
Rot eros y 
Rs = 24.352472 
Rs = 27.493479 
Rip = 30-634606 
(b) 1st 15 roots of Ji(x) = Bele) = 


with corresponding values of maximum or 
or minimum values of Jo(x). 


Ne: a Root = #n. Jo(xn). 
I 3.831706 — .402759 
2 7.015587 +.300116 
3 10.173468 — - 249705 
4 13. 323692 +.218359 
5 | 16.470630 —.196465 
6 | 109.615859 +.180063 
F 22.760084 —.167185 
8 25 .9036072 +.156725 
9 29 .046829 —.1I48011 
10 2.189680 +.140606 
II 35 - 332308 —.134211 
12 38.474766 +.128617 
10] 41 .617094 — .123668 
14 44.759319 +-119250 
15 47 .QOI401 —. 115274 


Higher roots may be obtained as under (a). 
_Notes. y=Jn(x) is a particular solu- 
tion of Bessel’s equation, 
ey dy 


COON (eae Ea 
watts + (a — 2)y = 0. 


The general formula for J,(«) is 
ea 


ale (= T)syntes 
Ine) = Desmramem ws 


or 
ice) 


2 > (—r) sents 
Stasis) 


when m is an integer and 


Insult) = 2 Sn() = Ina), 


Su) = itd) 


J—n(x) = (—1)"Jn(x). 
Tables 35 to 36 are based upon Gray and 
Matthews’ reprints from Dr. Meissel’s 


tables. See also Reports of British Associa- 
tion, 1907-1916. 


and 


TABLE 37. 69 
ELLIPTIC INTEGRALS. 
Values of (p 7(1—sin?9 sin? ¢)*? ag, 


This table gives the values of the integrals between o and m /2 of the function (1—sin?@ sin? 6) *? dp for different val. 
ues of the modulus corresponding to each degree of @ between o and go. 


“3 4 7 db 7 
anvongs Lf e—eemnennlae LE ata | Fosinminnta 
1—sin? 6 sin? 0 —sin? 


Number. ¥ 5 Log. 


Number. Log. Number.} . Log. 
4 


1.8541 | 0.268127 | 1.3506 | 0.130541 
8691 271644 3418 127690 
8848 275207 3329 124788 
golt 279001 3238 121836 
g180 282848 | 3147 118836 


[o} 
[e) 


1.5708 | 0.196120 |r. 0.196120 
5709 | 196153 196087 
5713 196252 195988 
5719 196418 195822 
5727 | 196649 195591 


GQ fHWNHHO 
» 


[e) 


Oo OU ONAG 


a 
[o) 


1.5738 | 0.196947 |r. 0.195293 
575! 197312 194939 
5767 | 197743 194500 
5785 198241 194004 
5805 198806 193442 


1.5828 | 0.199438 | 1. 192815 
5854 200137 192121 
5852 200904 191362 
5913 | 201740 190537 
5946 202643 189646 


9356 | 0.286811 | 1.3055 | 0.115790 
9539 290895 2963 112698 
9729 295101 2870 109563 
9927 | 209435 | 2776 | 106386 
.0133 303901 2681 103169 


(ey Wey Cian) 
QO Boner 
fo} 


= 
[e) 
19] 


0347 | 0.308504 | 1.2587 | 0.099915 
os7I 313247 2492 096626 
0804 | 318138 | 2397 | 093303, 
1047 323182 2301 089950 
1300 328384 | 2206 086569 


[o) 


# 
WON DAM fW NH 


1.5981 | 0.203615 |r. .188690 
6020 204657 187668 
6061 205768 186581 
6105 206948 185428 
6151 208200 184210 


1565 | 0.333753 [1.2111 | 0.083164 
1842 | 339295 | 2015 | 079738 
2132 345020 1920 0762093 
2435 | 350936 | 1826 | 072834 
2754 | 357053 | 1732 | 069364 


.3088 | 0.363384 | 1.1638 | 0.065889 
3439 | 369940 | 1545 | 062412 
3809 | 376736 | 1453 | 058937 
4198 383787 1362 055472 
4610 301112 1272 052020 


[e) 


o 
oa RWNHO © CONT OV 


to 
fe) 
° 


1.6200 209522 |I. .182928 
6252 210916 181580 
6307 212382 180168 
6365 213921 178691 
6426 177150 


i) 
a honH oO 
J 
} 


WON DAM Bown oO WO ONO 


.5046 | 0.398730 } 1.1184 | 0.048589 
5507 | 406665 | 1006 | 045183 
5998 414943 IOI! 041812 
6521 423596 | 0927 038481 
7081 432660 | 0844 | 035200 


1.6490 | 0.217 . 0.175545 
6557 173876 
6627 172144 
6701 : 170348 
6777 168489 


1.6858 |. : 166567 
6941 : 164583 
7028 2 3 162537 
7119 160429 
wot a | 158261 


Q 
[e) 
| 
fo} 


2.7681 | 0.442176 |1.0764 | 0.031976 
8327 452190 | 0686 028819 
9026 462782 foley a 025740 
9786 474008 | 0538 022749 

3.0017 485967 0408 019858 


{o) 
OMI AA PWNHO © ONO 


© 
© 


3.1534 | 0.498777 | 1.0401 | 0.017081 
2553 512591 0335 014432 
3099 | 527613 | 0278 | o11927 
5004 544120 | 0223 009584 
6519 | 562514 | 0172 | 007422 


1.7312 b j F 156031 
7415+4| “2 > | 153742 
7522 7 151393 
7033 148985 
7748 146519 


1.7868 | 0. ae -143995 
7992 mata 14 
$122 S 138778 
8256 d 5 I 36086 
$396 133340 


[e) 


» 


hOWNHO 


3.8317 | 0.583396 | 1.0127 | 0.005465 
4.0528 607751 0086 003740 
3387 | 637355 | 0053 | 002278 
"7427 676027 | 0026 OOII2I 
5.4349 | 735192 | 0008 | 000326 


jee} 
SORCONEON ON BwWNH 


8 


ee) ee) 1.0000 


1.8541 | 0.268127 | 1. 0.130541 
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70 TABLE 38. 
MOMENTS OF INERTIA, RADII OF GYRATION, AND WEIGHTS. 


In each case the axis is supposed to traverse the centre of gravity of the body. The axis is 
one of symmetry. The mass of a unit of volume is w. 


Square of Ra- 
Moment of Inertia Io. dius of Gyra- 
tion pa 


8rwr® 2r% 
a) 

Spheroid of revolution, po- Sarwart 
lar axis 2a, equatorial di- | Polar axis = ae 


ameter 27 . 

ss) 

Spherical shell, external ra- Dj ‘ 4nzo(78—r'8) Bnw(r5—r’5) 
dius 7, internal 7’ iameter - = 


3 
8rwrtdr 
33 


anwar mwart 


Sphere of radius Diameter 


Ellipsoid, axes 2a, 20, 2¢ Axis 2a 


Ditto, insensibly thin, ra- 


: a: 
dius 7, thickness dr Diameter 4mwridr 


Circular cylinder, length 2a, | Longitudinal 
radius + axis 2a 


Elliptic cylinder, length 2a, | Longitudinal 


: 2nwabe 
transverse axes 26, 2c axis 2a 


awabe (62+?) 
2 

Hollow circular cylinder, 

length 2a, external ra- 
dius 7, internal 7’ 


Longitudinal on | mwa(r+—r'4) 
axis 2a 
Ditto, insensibly thin, thick- | Longitudinal 


2 mwarar nrwarsdr 
ness dr axis 2a 4 4 


Circular cylinder, length 2a, | Transverse 2 mvar?(37?-+ 4a”) 
ae ° 2Twar 
radius + diameter 6 


Elliptic cylinder, length 22, | Transverse tas mwabe(3c+-+-4a?) 
transverse axes 2a, 20 axis 20 Sas 6 


Hollow circular cylinder, Transverse 
length 2a, external ra-| diameter | 2m™wa(7?—7”) 6 
dius 7, internal 7” | 


yg, TWA i 3(74—r’4) ) 


40%) § 


Ditto, insensibly thin, thick- | Transverse : 
ness dy pide diameter 4nwardr mwa(2r8-4 4027) dr 
3 


Swabe(b?-+*) 
3 
zwabe de) 
3 


Ditto Diagonal 26 Uatehe 2wabe(c2@+ 2a") 


3 


Rectangular prism, dimen- 


: as ; 
sions 2a, 20, 2¢ Axis 2a Swabe 


Rhombic prism, length 2a, : 
diagonals 24, 2¢ Axis 2a 4wabe 


(Taken from Rankine.) 


For further mathematical data see Smithsonian Mathematical Tables, Becker and Van Orstrand 
(Hyperbolic, Circular and Exponential Functions); Functionentafeln, Jahnke und Emde (xtgx, 
x-ltex, Roots of Transcendental Equations, a + bi and re”4, Exponentials, Hyperbolic Functions, 


eC Tors} Wy 

sin 2 COS u@ eu > i) ~ : =H 

| ra | =F du, = dit, Fresnel Integral, Gamma Function, Gauss Integral 
oO Te feo) 

. 


u T 


2 P 3 ed eas ibe a ‘ ; Bare < ‘ : : 

Mi e-*dx, Pearson Function e-a7 if sin” evxdx, Elliptic Integrals and Functions, Spherical 
e oO e oO 

and Cylindrical Functions, etc.). For further references see under Tables, Mathematical, in the 

Irth ed. Encyclopedia Britannica. See also Carr’s Synopsis of Pure Mathematics and Mellor’s 

Higher Mathematics for Students of Chemistry and Physics. 
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TaB_e 39. 
INTERNATIONAL ATOMIC WEIGHTS. 


VALENCIES. 


71 


__ The International Atomic Weights are quoted from the report of the International 
Committee on Atomic Weights (Journal American Chemical Society, 39, p. 2517, 1917). 


Substance. 


| Symbol. 


“ 


Relative 
atomic wt. 
Oxygen=16. 


Valency. 


Substance. 


Symbol. 


Relative 
atomic wt. 
Oxygen =16. 


Valency. 


Aluminum 
Antimony 
Argon 
Arsenic 
Barium 


Bismuth 
Boron 
Bromine 
Cadmium 
Cesium 


Calcium 
Carbon 
Cerium 
Chlorine 
Chromium 


Cobalt 
Columbium 
Copper 
Dysprosium 
Erbium 


Europium 
Fluorine 
Gadolinium 
Gallium 
Germanium 


Glucinum 
Gold 
Helium 
Holmium 
Hydrogen 


Indium 
Iodine 
Tridium 
Tron 
Krypton 


Lanthanum 
Lead 
Lithium 
Lutecium 
Magnesium 
Manganese 


nN 


NQ OWW 


HR AQ 
wn 


P prysey 
wow of 
ON 


N 


SiC) Cape or ly) 


Hw OF ty 
oe 


Rw NWS WOO ONB Ww 
- eS 


wW 
—~ 


Mercury. 


| Molybdenum 


Neodymium 
Neon 
Nickel 

[ation) 
Niton (Raeman- 
Nitrogen 
Osmium 
Oxygen 
Palladium 


Phosphorus 
Platinum 
Potassium 
Praseodymium 
Radium 


Rhodium 
Rubidium 
Ruthenium 
Samarium 
Scandium 


Selenium 
Silicon 
Silver 
Sodium 
Strontium 


Sulphur 
Tantalum 
Tellurium 
Terbium 
Thallium 


| Thorium 


Thulium 
Tin 
Titanium 


| Tungsten 


Uranium 


Vanadium 
Xenon 


| Ytterbium 


Yttrium 
Zinc 
Zirconium 


Ng 
Mo 
Nd 
Ne 
Ni 


Nt. 
N 

Os 
O 

Pd 


12 
Re 
Kk 
Pr 
Ra 


Rh 
Rb 
Ru 
Sa 
Se 


Se 
Si 


200.6 
96.0 
144.3 
20.2 


58.68 


222.4 
14.01 

190.9 
16.00 

106.7 


31.04 
195.2 

39.10 
140.9 
226.0 


102.9 
85.45 

101.7 

150.4 
44.1 


79.2 


Neb N 


<2 


by QW 
Pur | 


DQ A Ne 
pus 


Qe Naw 
lee} 


a 
fon 
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Fe. TABLE 40. 


VOLUME OF A GLASS VESSEL FROM THE WEICHT OF ITS EQUIVALENT 
VOLUME OF MERCURY OR WATER. 


If a glass vessel contains at °C, P grammes of mercury, weighed with brass weights in air at 

760 mm. pressure, then its volume in c. cm. 

at the same temperature, 4,: V= PR = pe, 

at another temperature, 4, : V = PR = Pp/d {1 +7 (4 — 2) i 

. * . * 
p = the weight, reduced to vacuum, of the mass of mercury or water which, weighed with brass 
weights, equals I gram; 

d =the density of mercury or water at ¢°C, 
and y = 0.000 025, is the cubical expansion coefficient of glass. 


WATER. | MERCURY. 


Ra, l= LOOM) Reine = 2One 9 Ne a t= Ose | RyA= 20°. 


1.001192 1.001443 1.001693 0.0735499 0.07 35083 0.07 35867 
1133 1358 1609 5798 | 5982 
1092 1292 1542 5914 6098 
1063 1243 1493 6029 6213 
1060 1210 1460 3 6144 6328 
1068 1193 1443 6259 6443 

1.001092 1,001 192 1.001442 ‘|| 0.0736301 0.0736374 0.07 36558 
1130 1206 1456 6434 6490 6674 
1184 1234 1485 6508 6605 6789 
1252 1277 1527 6702 6720 6904 
1333 1333 1534 6335 6335 7020 


1.001428 1.001403 1.001653 0.07 36969 0.07 36951 0.07 37135 
1536 1486 1730 7103 7066 7250 
1657 1582 1832 7230 7181 7365 
1790 1690 1940 7370 7297 7481 
1935 1810 2060 7504 7412 7590 


1.002092 I.001942 1.002193 0.07 37637 0.07 37 527 0.07 37711 
2201 2086 2337 | 7771 7642 7826 
2441 2241 2491 7905 7757 7941 
2033 2407 2058 8039 7872 8057 
2835 2584 2835 8172 7988 8172 


1.003048 1.002772 1.003023 0.07 38306 0.07 38103 0.07 38288 
3271 2970 3220 8218 8403 
3504 3178 3429 8 8333 8518 
3748 3047 8449 8633 
4001 2 3875 8564 8748 


1.004264 : T.004113 ; 0.07 38679 0.07 38864 
4537 4361 8794 8979 
4518 4616 2 8910 9094 
5110 4884 9025 9210 
5410 5159 9140 9325 


Taken from Landolt, Bornstein, and Meyerhoffer’s Physikalisch-Chemische Tabellen. 
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REDUCTIONS OF WEICHINGS IN AIR TO VACUO. 
TABLE 41. 


When the weight M in grams of a body is determined in air, a correction is necessary for the 
buoyancy of the air equal to M 6 (1/d—1/d,) where 8 = the density (wt. of 1 ccm in grams 
= 0.0012) of the air during the weighing, d the density of the body, d, that of the weights. 
8 for various barometric values and humidities may be determined from Tables 153 to 155. Uhe 
following table is computed for § = 0.0012. The corrected weight = M-+-kM/rooo. 


Density Correction factor, k. Correction factor, k. 


of body 

weighed Pt. Ir. Brass Quartz or Pi-tr uartz or 

d. _ Weights weights | Al. weights ; weights i Al. weights 
dieses 8.4. 2.65. = 25 oAy 2:65), 


Density 

of body 

weighed 
d 


+ 1.95 1.6 
+ 1.55 1.7 
+ 1.26 ; 
+ 1.15 
++ 1.05 
+ 0.96 
88 
SI 
75 
64 
+55 
“47 
.40 
“35 


| F+ttt+4++4+4+ 


al ead 9 elcteteclart og 


ft tt++4+ 


TABLE 42,— Reductions of Densities in Air to Vacuo. 


re eee may be accomplished through the use of the above table for each separate 
weighing. 

If s is the density of the substance as calculated from the uncorrected weights, S its true den- 
sity, and L the true density of the liquid used, then the vacuum correction to be applied to the 
uncorrected density, s, is 0.0012 (t —s/L). 

Let Ws = uncorrected weight of substance, W1= uncorrected weight of the liquid displaced 
by the substance, then by definition, s== LWs/W1. Assuming D to be the density of the 
balance of weights, Ws {1 + 0.0012 (1/S —1/D) }and Wi {1 + 0.0012 (1/1,—1/D) fare the 
true weights of the substance and liquid respectively (assuming that the weighings are made 
under normal atmospheric corrections, so that the weight of 1 cc. of air is 0.0012 gram). 


Ws{1t + 0.0012 (1/S — 7) 

Wi {1 + 0.0012 (1/L—1/D) } y 

But from above Ws/W1=s/L, and since L is always large compared with 0.0012, 
S—s=o.0o12 (t—s/L). 

The values of 0.0012 (1 —s/L) for densities up to 20 and for liquids of density 1 (water), 


0.852 (xylene) and 13.55 (mercury) follow : 
(See reference below for discussion of density determinations). 


Then the true density S = 


Density of Corrections. Density oe Corrections. 
s substance 

Ee == 0.852 b= rscss, S b= 2 es 
Xylene. Mercury. Water. Mercury. 


*—©.0120 -L 0.0002 
0132 -++ .o0or1 


— .0144 0.0000 
— .0156 0.0000 
== O1OS .OOOT 
— .o180 .0002 
— .o1g2 .0003 


.0204 0004 
0216 0005 
.0228 .0006, 


ONEIEISY (eNeate SES) 1S) 1h © 


mal 


Johnston and Adams, J. Am. Chem. Soe. 34, p. 563, 1912. 
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a 4 TABLE 43. 


MECHANICAL PROPERTIES.* 


* Compiled from various sources by Harvey A. Anderson, C.E., Assistant Engineer Physicist, U. S. Bureau 
of Standards. ; 

The mechanical properties of most materials vary between wide limits; the following figures are given as 
being representative ratherj/than what may be expected from an individual sample. Figures denoting such 
properties are commonly given either as specification or experimental values. Unless otherwise shown, the 
values below are experimental. Credit for information included is due the U. S. Bureau of Standards; the 
Am. Soc. for Testing Materials; the Soc. of Automotive Eng.; the Motor Transport Corps, U.S. War Dept.; 
the Inst. of Mech. Eng.; the Inst. of Metals; Forest Products Lab.; Dept. of Agriculture (Bull. 556); Moore’s 
Materials of Engineering; Hatfield’s Cast Iron; and various other American, English and French authorities. 

The specified properties shown are indicated minimums as prescribed by the Am. Soc. for Testing Materials, 
U. S. Navy Dept., Panama Canal, Soc. of Automotive Eng., or Intern. Aircraft Standards Board. In the 
majority of cases, specifications show a range for chemical constituents and the average value only of this 
range is quoted. Corresponding average values are in general given for mechanical properties. In gen- 
eral, tensile test specimens were 12.8 mm (0.505 in.) diameter and 50.8 mm (2 in.) gage length. Sizes of 
compressive and transverse specimens are generally shown accompanying the data. 

All data shown in these tables are as determined at ordinary room temperature, averaging 20° C (68° F.). 
The properties of most metals and alloys vary considerably from the values shown when the tests are con- 
ducted at higher or lower temperatures. J 

The following definitions govern the more commonly confused terms shown in the tables. In all cases the 
stress referred to in the definitions is equal to the total load at that stage of the test divided by the original 
cross-sectional area of the specimen (or the corresponding stress in the extreme fiber as computed from the 
flexure formula for transverse tests). 

Proportional Limit (abbreviated P-limit). — Stress at which the deformation (or deflection) ceases to be 
proportional to the load (determined with extensometer for tension, compressometer for compression and 
deflectometer for transverse tests). 

Elastic Limit. — Stress which produces a permanent elongation (or shortening) of 0.001 per cent of the 
gage length, as shown by an instrument capable of this degree of precision (determined from set readings with 
extensometer or compressometer). In transverse tests the extreme fiber stress at an appreciable permanent 
deflection. 

Yield Point. — Stress at which marked increase in deformation (or deflection) of specimen occurs without in- 
crease in load (determined usually by drop of beam or with dividers for tension, compression or transverse tests). 

Ultimate Strength in Tension or Compression. — Maximum stress developed in the material during test. 

Modulus of Rupture. — Maximum stress in the extreme fiber of a beam tested to rupture, as computed 
by the empirical application of the flexure formula to stresses above the transverse proportional limit. 

Modulus of Elasticity (Young’s Modulus). — Ratio of stress within the proportional limit to the corre- 
sponding strain, — as determined with an extensometer. Note: All moduli shown are obtained from tensile 
tests of materials, unless otherwise stated. 

Brinell Hardness Numeral (abbreviated B.h.n.). — Ratio of pressure on a sphere used to indent the 
material to be tested to the area of the spherical indentation produced. The standard sphere used is a 10- 
mm diameter hardened steel ball. The pressures used are 3000 kg for steel and 500 kg for softer metals, and 
the time of application of pressure is 30 seconds. Values shown in the tables are based on spherical areas 
computed in the main from measurements of the diameters of the spherical indentations, by the following 


formula: 

B.h.n. = P+aiD = P + rD(D/2— VV D2/4 — a2/4). 
P = pressure in kg, ¢ = depth of indentation, D = diameter of ball, and d = diameter of indentation, — all 
lengths being expressed in mm. Brinell hardness values have a direct relation to tensile strength, and hardness 
determinations may be used to define tensile strengths by employing the proper conversion factor for the ma- 
terial under consideration. 

Shore Scleroscope Hardness. — Height of rebound of diamond pointed hammer falling by its own weight 
on the object. The hardness is measured on an empirical scale on which the average hardness of martensitic 
high carbon steel equals 100. On very soft metals a ‘‘ magnifier’? hammer is used in place of the commonly 
used “universal” hammer and values may be converted to the corresponding “universal”? value by mates 
plying the reading by #. The scleroscope hardness, when accurately determined, is an index of the tensile 
elastic limit of the metal tested. f 

Erichsen Value. — Index of forming quality of sheet metal. The test is conducted by supporting the 
sheet on a circular ring and deforming it at the center of the ring by a spherical pointed tool. The depth of 
impression (or cup) in mm required to obtain fracture is the Erichsen value for the metal. Erichsen standard 
values for trade qualities of soft metal sheets are furnished by the manufacturer of the machine corresponding 
to various sheet thicknesses. (See Proc. A. S. T. M. 17, part 2, p. 200, 1917.) 

Alloy steels are commonly used in the heat treated condition, as strength increases are not commensurate 
with increases in production costs for annealed alloy steels. Corresponding strength values are accordingly 
shown for annealed alloy steels and for such steels after having been given certain recommended heat treat= 
mentsof the Society of Automotive Engineers. The heat treatments followed in obtaining the properties 
shown are outlined on the pages immediately following the tables on steel. It will be noted that considerable 
latitude is allowed in the indicated drawing temperatures and corresponding wide variations in physical prop- 
erties may be obtained with each heat treatment. The properties vary also with the size of the specimens 


heat treated. The drawing temperature is shown with the letter denoting the heat treatment, wherever the 
information is available. ; 


TABLE 44. ; 
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TABLE 44.— Ferrous Metals and Alloys — Iron and Iron Alloys. 


Yield 


point. 


Ultimate 
strength 


Sclero- 


. Tension ke scope. 
kg/mm? lb/in2 B 


4 
© 
5 
gz 
o 
5 


Iron: 
Electrolytic* (remelt): as forged...} 34.0 
annealed goo° C.} 12.5 

Gray cast{(19 mm diam. bars) .... /indet. 


48,500} §5,000] 33. OL 95 T 
18,000] 38,000 ; : 751 — 
indet. (22000 igi Pes 

38,000 150 

Malleable cast, American (after ee cess (oe 
EV bttel cl) ee tetera Seer ale em th 31.5 45,000, {57,000 
European (after Am. Malleable Ce : pee (eee 


OPO CS 
OnNnMNON 


CASHIN SPASSS) Vink uae: 28.0 40,000} ) 65,000 
(run of 24 successive heats, r919)§| — B= 58,000 
Commercial wrought... ... Saen { 29- 5 f f2bee 48,000 
22.5 32,000] 153,000 

Silicon alloys]! Si 0.01: as forged...| 29.5 .5| 41,800] 45,200 
(Melted in vacuo) ann. 970° C II.O .5| 16,000] 34,900 
(Note: C max. o.or per cent) ; 
Siete GL as iorced see nee 48.0] 53.5] 68,100] 76,300 
annealedig7o7 Conant 25.0 .0| 35,800] 54,200 

D4 AO crastOreed| sates) eee 66.0 .0| 94,000] 105,000 
annealed 970° C ...... 51.0 .5| 72,900] 91,600 

Aluminum alloys Al0.00:asforged| 35.5 .5| 50,700] 54,700 
(Melted in vacuo) ann. to00° C man .5| 17,000] 34,900 
(Note: C max. 0.01 per cent) 
AK3.08 : astorgeds....n 2... 48.0 .5| 68,200] 77,500 
annealed 1000°C..... .5| 31,800} 53,400 

ANG. 24 Sasforved aang es ae .5| 77,700] 86,000 
aninealedurooo 1 Cte ries .0] 53,400} 69,800 


Composition, approximate: 
Electrolytic, C 0.0125 per cent; other impurities less than 0.05 per cent. 
Cast, gray: Graphitic, C 3.0, Si 1.3 to 2.0, Mn 0.6 to 0.9, S max. 0.1, P max. 1.2. 
A.S. T. M. Spec. A48 to 18 allows S max. 0.10, except S max. 0.12 for heavy castings. 
Malleable: American ‘‘ Black Heart,” C 2.8 to 3.5, Sio.6 to 0.8, Mn max. 0.4, S max. 0.07, P max. 0.2. 
European ‘‘.Steely Fracture,” C 2.8 to 3.5, Sio.6 to 0.8, Mn o.15, S max. 0.35, P max. 0.2. 
Compressive Strengths [Specimens tested: 25.4 mm (1 in.) diam. cylinders 76.2 mm (3 in.) long]. 
Electrolytic iron 56.5 kg/mm? or 80,000 |b/in®. 
Gray and malleable cast iron 56.5 to 84.5 kg/mm? or 80,000 to 120,000 Ib/in?. 
* Wrought iron, approximately equal to tensile yield point (slightly above P-limit). 
» Density: 


peCtLOly HC IKON s. 60, cae nes 6 4.8 g/cm’ or 487 lb/ft? Malleable iron.............. 47.6 g/cm’ or 474 lb/ft8 
BASE TONE Oates eks eek ek Bist vie wa 7.2 g/cm or 449 lb/ft? Wrought iron......:........ 7.85 g/cm or 490 lb/ft? 
Ductility: — Normal Erichsen values for good trade quality sheets, 0.4 mm (0.0156 in.) 
Thickness, soft annealed. Depth. 
mm in. 
Sheet metal hoop iron) polished.) ss... .viscsWeleisiersi)erejoenc 9.5 0.374 
Charcoal iron tinned sheet... o6s(e<.0.¢5 wales cee ere sthene nas 7.5 0.205 
Second qualrtyatimned (sheetays sere. sie ote teeter 6.7 0.264 
Modulus of elasticity in tension and compression: 
Electrolytic iron.... 17,500 kg/mm? or 25,000,000 Ib/in? Malleable iron... 17,500 kg/mm? or 25,000,000 lb/in? 
@asbiron ...)9 46. 10,500 kg/mm? or 15,000,000 Ib/in? Wrought iron.... 17,500 kg/mm? or 25,000,000 |b/in? 
Modulus of elasticity in shear: f 
Electrolytic iron....... 7030 kg/mm? or 10,000,000 Ib/in? Cast iron....... 8450 kg/mm? or 12,000,000 lb/in? 
INTO HE IO Mees 6c olom a tihace one 7030 kg/mm? or 10,000,000 Ib/in? 


Scleroscope hardness values shown are as determined with the Shore Universal hammer. 
Strength in Shear: 


Electrolytic (remelt) , Commercial wrought 4 
MPVS sete ccc ea raresele-2 8.4 kg/mm? or 12,000 |b/in? (DSTiniint Setereterster eter 21.1 kg/mm? or 30,000 Ib/in? 
Ultimate strength... .. 21.1 kg/mm? or 30,000 |b/in? Ultimate strength... 35.0 kg/mm? or 50,000 Ib/in? 


Transverse strength, from flexure formula: 
Gray cast iron ‘ 
Modulus of rupture, 33.0 kg/mm? or 47,000 lb/in® . we 
“ Arbitration Bar,” 31.8 mm (rj in.) diameter, or 304.8 mm (12 in.) span; minimum central load at ae, 
ture 1130 to 1500 kg (2500 to 3300 lb.); minimum central deflection at rupture 2.5 mm (0.1 in.), (A. S. T. 
M. Spec. A 48-18). : by 
* Properties of Swedish iron (impurities less than 1 per cent) approximate those of electrolytic iron. 
+ These two values of B.h.n. only are as determined at 500 kg pressure. — 
1U.S. Navy specifies minimum tensile strength of 14.1 kg/mm? or 20,000 Ib/in?. 
§ Averages for a U.S. foundry. : ; ; 
|| From T. D. Yensen, University of Illinois, Engr. Exp. Station, Bulletin No. 83, 1915 (shows Si 4.40 as alloy of 


maximum strength). : 22 : . 
§{ From T. D. Yensen, University of Illinois, Engr. Exp. Station, Bulletin No. 95, 1917. 
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6 TABLES 45-46. 
7 MECHANICAL PROPERTIES OF MATERIALS. 
TABLE 45. — Carbon Steels — Commercial Experimental Values. 


i i i jas basis for steel groupings. First 
aelus _ of Automotive Eng., U. S. A.) classification scheme used as t 
Meio ie eine Ne. eta group number, and last two (or three in case of five figures) show 
in hundredths of one per cent. ; > 
ee era Biicconer ites for ack steel spon ae for the yonled oh tokee es a he eel ee Ho 
malized condition. Comparative heat-treated values show properte ae Boe 
t steel average slightly lower an 
treatment as shown below (Table 46). The P-limit and ductility of cas ge ps Sone 
i i hown for thesame composition steel in theann 
ultimate strength ro to rs per cent higher than the values sl ’ same fone ee eae 
condition. The properties of rolled steel (raw) are approximately cae oO . 
iti i i than the soft annealed state. 
dition, which represents the normalized condition of the metal rather the solt ane eee 
The data for heat-treated strengths are average values for specimens oe ea rigs oe Bogle 
3 1 in. diameter. The final drawing or quenching temperature for the properties sh I 
es G wich the heat treatment letter, wherever the information is available. In general, specimens 
were drawn near the lower limit of the indicated temperature range. 


| ieee 


Nominal 
contents 
per cent. 


in area, 


Ultimate 
strength 
Reduct. 


Tension 
lb/in? 


34,500 | 46,000 
39,000 | 60,000 
39,500 | 54,400 
49,500 79,500 
§7,50¢ 71,300 
88,000 |123,000 
$9,500 79,000 
120,000 |I75,000 


Steel, carbon See Spec. Ann. 
No. 


(Mn 0.45) H Ore 


(Mn 0.65) |p 225, 


00000000 
00u%00000 
00000000 


(Mn 0.35) |p ences 
i! 


Specification values: Steel, castings, Ann. A.S.T.M. A27-16, Class B;* P max. 0.06; S max. 0.05. 


Ultimate tensile strength Per cent 
P 3 elong. Per cent 

Yield point. 50.8 mm reduct. 

kg/mma lb/ine or 2 in. area. 


5 Scots nate renee ty 0.45 ultimate 80,000 15 
0.45 ee 4 70,000 18 


0.45 a ; 60,000 22 


Structural Steel: Rolled: S max. 0.05; P-Bess. max. 0.10; -O-H. max. 0.06. 
Tension: Yield Point min. = 0.5 ultimate; ultimate = 38.7 to 45.7 kg/mm? or 55,000 to 65,000 lb/in? 
with 22% min. elongation in 50.8 mm (2 in.). 


* Average carbon contents: steel castings, C 0.30 to 0.40; structural steel, C 0.15 to 0.30 (mild carbon or medium 
hard steel). 


TABLE 46.— Explanation of Heat Treatment Letters used in Table of Steel Data. 


Motor Transport Corps Modified S. A. E. Heat Treatments for Steels. (S. A. E. Handbook, Vol. 1, pp. 
od and oe, 1915, q. v. for alternative treatments.) 


Heat Treatment A. — After forging or machining (1) carbonize at a temperature between 870 and 930° C. 
(1600 and 1700° F.); (2) cool slowly; (3) reheat to 760 to 820 C. (1400 to rs00° F.) and quench in oil. 

Heat Treatment D. — After forging or machining: (1) heat to 820 to 840° C. (1500 to 1550° F.); (2) quench; 
(3) reheat to 790 to 820° C. (1450 to 1500° F.); (4) quench; (5) reheat to 320 to 650° C. (600 to r200° F.) 
and cool slowly. 

Heat Treatment F. — After shaping or coiling: (x) heat to 775 to 800° C. (1425 to 1475° F.); (2) quench; 
(3) reheat to 200 to 480° C. (400 to 900° F.) in accordance with degree of temper required and cool slowly. 

Heat Treatment H.— After forging or machining: (1) heat to 820 to 840°C. (1500 to 1550° F.) 
(2) quench; (3) reheat to 230 to 650° C. (450 to r200° F.) and cool slowly. 

Heat Treatment L. — After forging or machining: (1) carbonize at a temperature between 870 and 
950° C. (1600 and 1750°F.), preferably between 900 and 930° C. (1650 and 1700 F.); (2) cool slowly in car- 
bonizing material; (3) reheat to 790 to 820° C. (1450 to 500° F.); (4) quench; (5) reheat to 700 to 760° C. 
(1300 to r400° F.); (6) quench; (7) reheat to 120 to 260° C. (250 to 500° F.) and cool slowly. 

Heat Treatment M.— After forging or machining: (1) heat to 790 to 820°C. (1450 to 1500° F.); 
(2) quench; (3) reheat to between 260 and 680° C. (s00 and 1250° F.) and cool slowly. 

Heat Treatment P. — After forging or machining: (1) heat to 790 to 820° C. (1450 to 1500° F.); (2) 
quench; (3) reheat to 750 to 770° C. (1375 to 1425° F.); (4) quench; (5) reheat to 260 to 650° C. (500 to 
1200° F.) and cool slowly. 

Heat Treatment T. — After forging or machining: (1) heat to 900 to 950‘ C. (1650 to 1750° F.); (2) quench; 
(3) reheat to 260 to 700° C. (500 to 1300° F.) and cool slowly. 

Heat Treatment U. — After forging: (1) heat to 830 to 870° C. (1525 to 1600° F.), hold half an hour; 
(2) cool slowly; (3) reheat to 900 to 930° C. (1650 to r700° F.); (4) quench; (5) reheat to 180 to 290° C. 
(350 to 550° F.) and cool slowly. 

Heat Treatment V.— After forging or machining. (1) heat to 900 to oso‘ C. (1650 to 1750°F,); 
(2) quench; (3) reheat to between 200 and 650° C. (400 and r200° F.) and cool slowly. 

piror’s Nore: Oil quenching is recommended wherever the instructions specify ‘‘ quench,” inasmuch as 
the data in the table are taken from tests of automobile parts which must resist considerable vibration and 
which are usually small in section. The quenching medium must always be carefully considered. 
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TABLE 47. ey 
MECHANICAL PROPERTIES. 
TABLE 47.— Alloy Steels — Commercial Experimental Values. 


S.A. EB, 
heat 
treat- 
ment. 


Nominal 
contents, 
per cent. 


Ultimate 
strength 
Ultimate 
strength 


Tension Tension 
kg/mm? Ib/in? 


@3000 kg. 


Steel, nickel. .| 2315 Ann. | 30.0] 38.0} 42,500] 54,000 
2315 H 53-0] 76.0] 75,000/107,500 
2335 : Ann. 39.0] 48.0] 55,000] 68,000 
2335 ; H 106.0]131.0]151,000]186,000 
2345 Ann. 44.0] 55.0] 62,500). 78,000 
2345 E 136.0]149.0]193,000]212,000 
Invar 


SIs | Brinell 
[Son on a ee) 


, 50.0] 77.5] 71,000]I110,000 
nickel 
chrome... .| 3120 i : 34.0] 44.0] 49,000] 62,000 
3120 : 60.0] 82.0] 85,000]/116,000 

3135 Fi 40.0] 50.0] 57,000] 71,300 

3135 : 88.0]121.0]125,000]172,000 

3220 : - _|° 39.0] 49.0] 55,000] 69,000 

3220 F 77.0|106.0]/1 10,000] 151,000 

3250 : : 44.0] 55.0] 62,000] 78,000 

3250 : 134.0]183.0]190,000] 260,000 

3320 : ; 32.0] 42.0] 46,000] 59,500 

3320 ; 77.0|105.0|I 10,000] 150,000 

3340 : : 39-0] 52.0] 56,000] 74,000 

. 3340 5 1 20.0]163.0]1 70,000] 232,000 
chromium. |51120 j : 44.0] 58.0] 62,000] 82,000 
51120 ; 144.0]193.0]205,000] 275,000 

52120 : : 44.0] 58.0] 62,000] 82,000 

52120 R I4I.0]178.0]200,900] 253,000 


chrome. 


vanadium 6130 


6130 43-0] 59.0] 61,500] 84,500 


84.0]115.0]120,000]163,000 


61905 : 48.0] 63.0] 68,200] 90,000 
6195 K 176.0]232.0]250,000]330,000 


silico- 
manganese|9250 it 85 5 42.0] 54.0] 60,000] 77,000 
9250 : Q1.0|122.0|130,000]174,000 
9X30 i (Cy : 48.0] 61.0] 68,000] 87,000 
9X30 I13.0]148.0]160,000]211,000 
tungsten. .| (C-73 f : 34.0] 59.0] 48,100] 84,200 
(C—70) é : 63.0] 89.0] 90,000]1 26,000 


(C-47) 


158.5|175.0]225,000] 248,000 


= 


Gernerat Note, — Table on steels after Motor Transport Corps, Metallurgical Branch of Engineering Division, 
Table No. 88. 

Maximum allowable P 0.045 or less, maximum allowable S 0.05 or less. 

Silicon contents were not determined by Motor Transport Corps in preparing table, except for silico-manganese steels. 
Compressive strengths: ; : av 

For all steels approx. equal to yield point in tension (slightly above P-limit). 
Density: 

Steel weighs about 7.85 g/cm or 490 lb/ft? 


Ductility, Erichsen values: : ; : 
0.75 mm (0.029 in.) thick, low carbon soft annealed sheet (B.S.), depth of indentation 12.0 mm or 0.472 in. 


1.30 mm (0.050 in.) thick, low carbon soft annealed sheet (B.S.), depth of indentation 12.5 mm or 0.492 in. 
Modulus of elasticity in tension and compression: } 

For all steels approx. 21,000 kg/mm? = 30,000,000 I|b/in?. 
Modulus of elasticity in shear: : 

For all steels approx. 8400 kg/mm? = 12,000,000 ib/in?. ; 

Scleroscope hardness values shown are as determined with the Shore Universal hammer. 


Strength in shear: ; ; 
P-limit and ultimate strength each about 70 per cent corresponding tensile values. 
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78 : TABLES 48-50. 
MECHANICAL PROPERTIES. J 
TABLE 48.— Steel Wire — Specification Values. 


(After I. A. S. B. Specification 3S12, Sept., 1917, for High-strength Steel Wire.) 
S. A. E. Carbon Steel, No. 1050 or higher number specified (see Carbon steels above). Steel used to be manufac- 
tured by acid open-hearth process, to be rolled, drawn, and then uniformly coated with pure tin to solder readily. 


American Diameter. Req’d Spec. minimum tensile strength. 


BeendS bends - d 
wire gage. fin. thru 90 kg . |kg/mm?}  1b/in? 


154 | 219,000 
I6I | 229,000 
164 | 233,000 
172 | 244,000 
I72 | 244,000 


179 | 254,000 
I77 | 252,000 
179 | 255,000 
181 | 258,000 
182 | 259,000 


0.162 
-144 
.129 


.1I4 
.102 


Nwiu~ 


.O81 


.064 


HHH NW HM AC 


186 | 264,000 
188 | 267,000 
190 | 270,000 
193 | 275,000 
197 | 280,000 


0 OD0OOO0 OHHH nb 


Oo O0O0O0O0O8k 


200 | 284,000 


Nore. — Number of 90° bends specified above to be obtained by bending sample about 4.76 mm (0.188 in.) radius, 
alternately, in opvosite directions. : 

Above specification corresponds to U.S. Navy Department Specification 22W6, Nov. 1, 1916, for tinned, galvan- 
ized or bright aeroplane wire.) 


TABLE 49.— Steel Wire — Experimental Values. 
(Data from tests at General Electric Company laboratories.) ‘‘ Commercial Steel Music Wire (Hardened).’ 


Diameter. Ultimate strength. 


kg/mm? tension lb/in? 


226. 321,500 
240. 354,000 
253. 360,000 
260 370,000 
$ : 6 262. 372,500 


378,000 
550,000 
750,000 

70,000 


265. 
386. 
527. 

49. 


2 OUnN00000 


* For 4.55 mm wire drawn cold to indicated sizes. + For 4.55 mm (0.018 in.) wire annealed in He at 850°C. 


TABLE 50. — Semi-steel. 
Test results at Bureau of Standards on 155-mm shell, Jan. roro. 
Microstructure — matrix resembling pearlitic steel, embedded in which are flakes of graphite. 
Composition-Comb. C 0.60 to 0.76, Mno.88, P.0.42 to 0.43, $ 0.077 to 0.088, Si 1.22 to 1.23, graphitic C 2.84 to 2.94. 


| Hardness. 


Ultimate 
strength. 
Ultimate 
strength. 
Ultimate 
strength 

Ultimate 
strength. 


| Brinell 


E a a is i = 
Tension Tension Compression Compression @3000 
foes ; } : : 
kg/mm? Ib/in2 kg/mm? Ib/in2 8 


Sclero- 
scope. 


Semi-steel: 
Graph. C 2.85 
Comb. C 0. 76 9 is . : 34,500 103,000 176 


Graph. C 2.92 


Comb. C 0.60 26,000 87,300 170 


Tension specimens 12.7 mm (0.5 in.) diameter, 50.8 mm (2 in.) gage length; elongation and reduction of 
area negligible. 

Compression specimens 20.3 mm (0.8 in.) diameter, 61.0 mm (2.4 in.) long; failure occurring in shear. 

Tension set readings with extensometer showed elastic limit of 2.1 kg/mm? or 3000 }b/in2. 

Modulus of elasticity in tension — 9560 kg/mm? or 13,600,000 Ib/in?. 
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TABLE 51.— Steel-wire Rope — Specification Values. 79 


Cast steel wire to be of hard crucible steel with minimum tensile strength of 155 kg/mm?2or 220,000 lb/in? 
and minimum elongation of 2 per cent in 254 mm (ro in.). 
Plow steel wire to be of hard crucible steel with minimum tensile strength of 183 kg/mm? or 260,000 
lb/in? and minimum elongation of 2 per cent in 254 mm (ro in.). 
_ Annealed steel wire to be of crucible cast steel, annealed, with minimum tensile strength of 77 kg/mm? or 
110,000 lb/in? and minimum elongation of 7 per cent in 254 mm (10 in.). 
Type A: 6 strands with hemp core and 19 wires to a strand (= 6 X rg), or 6 strands with hemp core and 
18 wires to a strand with jute, cotton or hemp center. 
Type B: 6 strands with hemp core, and 12 wires to a strand with hemp center. 
Type C: 6 strands with hemp core, and rq wires to a strand with hemp or jute center. 
Type AA: 6 strands with hemp core, and 37 wires toa strand (= 6 X 37) or 6 strands with hemp core and 
36 wires to a strand with jute, cotton or hemp center. 


: Diameter. Approx. weight. Minimum strength. 
Description. 
mm in. kg/m lb/ft kg lb. 

Galv. cast steel, Type A...... 9.5 fy One ii 0.21 3,905 8,740 

re . pS sen 12.7 $ ©. 55 0.37 6,910 | 15,230 

- - ay Sn it 25.4 I 2.23 1.50 27,650 | 60,960 

rf - es Saks eee 38.1 14 5.06 3.40 63,485 | 139,960 

Galv. cast steel, Type AA..... 9-5 3 0.35 0.22 3,840 8,460 

SS i al lia ae ogee 12.7 r 0.58 0.30 7,410 | 16,330 

2 : eZ nih Se As 25-4 I 228 Th fe) 27,050 | 60,960 

bi eee ae 38.1 Iz Cer deal eae 59,735 | 131,690 

Galv. cast steel, Type B...... 9.5 2 0.25 0.17 2,095 6,600 

e . ie See ene 12). 9 A 0.42 0.28 5,210 II,500 

cr rs ee SOME Si ae ee 25.4 I 1.68 Tear 20,890 46,060 

nh s = oe ere es 38.1 14 3.94 2.65 47,905 | 105,740 

Galv. cast steel, Type C...... 25.4 I ramye) 17, 18,825 | 41,500 

us. poe ST Meee Ady. 3 13 Anas 2.92 ies || MES TeO 

Galv. plow steel, Type A...... 9.5 2 Ong ©. 21 4,690 10,340 

3 & e Se ce hae Sof 4 0.55 0.37 8,165 18,000 

of Ss SE ne case Ae 25.4 I D238 1.50 32,675 72,040 

es oh es iy Be 30.5 175 4.66 B18 69,140 | 152,430 

Galv. plow steel, Type AA..... 9.5 3 0.33 0,22 4,540 10,000 
‘ is cf ‘ EM bebe 27 4 0.58 0.30 8,750 19,300 | 

hs ce ie Soni tes Gea I 2. Bis 1.58 32,250 71,100 

§ ee § ste CO esate 41.3 ie 6.18 Avec) 83,010_| 183,000 


TABLE 52.— Plow Steel Hoisting Rope (Bright). 


‘ (After Panama Canal Specification No. 302, 1912.) 
Wire rope to be of best plow steel grade, and to be composed of 6 strands, 19 wires to the strand, with hemp center. 
Wires entering into construction of rope to have an elongation in 203.2 mm or 8 in. of about 2} per cent. 


Diameter. ~ Spec. minimum strength. Diameter. Spec. minimum strength. 


kg : in. kg lb. 


S 


5,215 : : 74,390 164,000 
9,979 : 127,000 280,000 
20,860 ‘ 207,740 458,000 
34,470 i 240,350 550,000 


[cots|H co|co 


: TABLE 53.— Steel-wire Rope — Experimental Values. ‘ 
(Wire rope purchased under Panama Canal Spec. 302 and tested by U. S. Bureau of Standards, Washington, D. C.) 


Ultimate strength 


Diameter. Ultimate strength. (net area). 


Description and analysis. 


mm in. kg lb. kg/mm? Ib/in? 


Plow Steel, 6 strands x 19 wires 
C 0.90, S 0.034, P 0.024, Mn 
CLAS MO NOLUG 2 Megs as ears ates fon 137,900 | 304,000 20. 184,200 

Plow Steel, 6 strands x 25 wires 
C Ogi S CROs 12 exe, Mim 
OTA OM OW OSES Dawei. ovale ale : 314,800 | 694,000 & 214,900 

Plow Steel, 6 x 37 plus 6 X10 
(10153) 5) 01032, P 0.033, Mn 
Cwillix SOI eR see eae SETS ‘ 392,800 | 866,000 ; 187,900 

Monitor Plow Steel, 6 x 61 plus 
6 X 19, C 0.82, S0.025, Po.o19, 
Min, @528, Si Osan 2 aactoe a4 


425,000 | 937,000 On 202,400 


Recommended allowable load for wire rope running over sheave is one fifth of specified min. strength. 
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Ro TABLES 54-55. . 
TABLE 54. — Aluminum. - 


Density 


ight. 
Metal, approx. or weight. 


composition, Condition. 
per cent. 


Ultimate 
strength. 
Ultimate 
strength 


gm 
per 
cm 


500 kg 


lb.per 


{ts Per cent. 


a 
> 
5 
Brinell @ | 


ALUMINUM: 
Av. Al 99.3 


Imp., Fe and Si...| Cast, sand at 
HOO? Comemenr nl ae 8,500 to|12,000 to 
10,000 | 14,000 
Cast, sand and 
heat treated : 12,600 to 
Ann. 500° C, air 


‘ 13,600 
Cast, chill : ; 13,000 
Sheet, ann : , 13,500 
Sheet, hard ; - ; 30,000 
Bars, hard ; : : 33,000 
Wire, hard ; : 40,000 


Compressive strength: cast, yield point 13.0 kg/mm? or 18,000 lb/in?; ultimate strength 47.0 
kg/mm? or 67,000 |b/in?. ; 
Modulus of elasticity: cast, 6900 kg/mm? or 9,810,c00 Ib/in? at 17° C. 


: TABLE 55. — Aluminum Sheet. 


(a) Grade A (Al min. 99.0) Experimental Erichsen and Scleroscope Hardness Values. 
[From tests on No. 18 B. & S. Gage sheet rolled from 6.3 mm (0.25 in.) slab. Iron Age v. 101, page 959]. 


Heat treatment Thickness, Indentation, Scleroscope 
annealed. mm hardness. 


None (as rolled) .08 
@ 200° C, 2 hours -09 
@ 300° C, 2 hours .O7 
@ 400° C, 2 hours .08 
@) 200°C, 3o;min’ vase oe .O7 
@ 4007 Cygo mina. ea .08 


A mn oO 


(b) Specification Values. — (1) Cast: U.S. Navy 49 Al, July z, r915; Al min. 94, Cu max. 
6, Fe max. 0.5, Si max. 0.5, Mn max. 3. 

Minimum tensile strength 12.5 kg/mm? or 18,000 Ib/in? with minimum elongation of 8 per 
cent in 50.8 mm (2 in.). 


(2) Sheet, Grade A: A. S. T. M. 25 to 18T; Al min. 99.0; minimum strengths and elongations. 


, sheet thicknesses. Tensile strength. in 5 
g Temper, No: § Elong. in 50.8 
mm or 2 in. 


hardness.’ 
per cent. 


kg/mm?2} I|b/in2 


oft, Ann. 
alf-hard 
ard 
Soft, Ann. 
alf-hard 
ard 
Soft, Ann. 
alf-hard 
ard 


oo 


On MUNN MN ~ 


0.0808 to 
16 incl.| 1. .0500 


12,500 
18,000 
22,000 
12,500 
18,000 
25,000 
12,500 
18,000 
30,000 


w 


HnuUOnNONO 


Sheets of temper No. 
I to withstand being 
bent double in any di- 
rection and hammered 
flat; temper No. 2 to 
bend 180° about radius 
equal to thickness with- 
out cracking. 


NH 
n 


2 oy 
HH 
con 8 
- 


17 to i .0453 to 
22 incl.| 0.6 .0253 ; 


| 
l 


) 4 
to 


23 to : .0226 to 
26 incl.| o. .O159 


H 


3 
I 
2 
3 
i 
2 
3 


jenfe®) 
Hn Onn 


oH 


Nore. — Tension test specimen to be taken parallel to the direction of cold rolling of the sheet. 
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Alloy, approx. 
composition 
per cent. 


Aluminum — Copper. 
Alo8 Cu x Imp. max. 1 


Al 96 Cu 3 Imp. max. 1 


Al 94 Cus Imp. max. 1 
Al 92 Cu 8: Alloy No. 


Co per, Magnesium.. 
Al 9.52 Cu 4.2 Mg 0.6 


Duralumin or 17S 
Alloy Al 94 Cu 4 Mg 
(Ot 6 9 Geen cee 


Copper, Manganese. . 


Al 96 Cu 3 Mnr 

Naval Gun Factory... 
Alg7 Cur.5 Mnt.... 
Al OF oS max. 6 Mn 


Al 93.5 Cu 3.5 Ni 1.5 
Mg1Mno.s..... 

Copper, Nickel Mn.. 

A 04.2 Cu 3 Ni 2 Mn 
0.8 


Rtesaccinc 


Magnalium Alos Mg5 
Al 77-98, Mg 23-2... 


Nickel Al 97 Ni 2..... 


Nickel Copper: 
AAl93.5 Ni 5.5.Cu lt. . 
Al 91.5 Ni4.5 Cu4.. 
Al 92 Nis5.5 Cu 2.... 

Zinc, Copper: 

Al 88.6 Cu 3 Zn 8.4.. 


Al 81.1 Cu 3 Zn 15.09. 


* Specification Values: Alloy ‘‘ No. I2 
t+ Quenched in water from 475° C. after heating in a salt bath. 
7000 kg/mm? or 10,000,000 l|b/ 


Alo6 Cu2Mne2....! 


| 


TaBLeE 56. 


ALUMINUM ALLOY. 


81 


Density 


Condition, 
per cent 
reduction. 


or weight. 


Ultimate 
strength 


Tension, 


Ib/in? 


Cast, chill... .. 
Rolled, 70%. . 
Cast, chillo.. 
Rolled, 19%: 4 
Cast, chill.... 
Rolled, 70%. . 
Cast, sand... . 


Rolled 70%... 
Rolled heat 


Cast; chill =. 
Rolled, 20 mm 
Cast, chill. ). 
Cast; sand:* !: 


Minimum f.. 


Cast at 700° C. 


Cast at 700° C. 


Cast, sand.... 
Cast, chill. +. 


2 
Cast; chill .-.-. 

Drawn, cold. . 
Rolled, hot... 
Cast, chill... 
Drawn, cold.. 
Rolled, hot... 


Cast: chillin. 
Cast chillita.. 
Drawn, cold. . 
Rolled, hot... 


Cast at 700° C. 
Ann. 500° C. . 
Cast at 700° C. 
Ann. 500° C... 


7,500 

27,000 

11,500 

35,000 

14,500 

‘ 33,000 
10.5 to|11,000 to 

16.2 |15,000 


12.7 = 
9. b to] 4,500 to 
13.3 6,500 
Ely Be 6,500 
42.0 135,100 
56.0 |75,490 


30.0 
14.0 


33,400 
14,300 
27.0 |27,100 
19.0 |16,200 
14.0 — 

19.0 |1I9,500 
12.7 — 

17.9 to] 5,000 to 


23.2 14,000 
14.5 to = 
21.4 


Tea 8,000 


\29.5 to — 
|45-0 


If.o 
16.0 
ree) 
15.0 
20.0 


5,800 
|I9,700 
|/II,900 
| 9,000 
[22,900 
|13,500 


10,700 

9,900 
31,700 
18,200 


6,700 
6,200 
14,000 
14,000 


15,000 
30,000 
19,500 
41,000 
21,500 
38,000 
15,000 to 
23,000 


18,000 
13,600 to 
18,900 
24,900 
59,500 
79,600 


55,300 
20,300 
38,200 
27,000 
20,000 
27,800 


18,000 
25,500 to]6.0 to 


33,000 1.5 
20,600 to]6.0 to 


30,500 


22,000 
42,000 to 
64,000 
14,900 
22,700 
18,200 
21,700 
27,900 
22,300 


24,800 
25,200 
37,800 
31,500 


26,300 
28,800 
35,100 
41,200 


0, 


in’, 


8.5 to 


1.0 
II.o to 


2.0 


8.5 


36.0 
37-0 
52.0 
II.o 
24.0 


Hardness. 


A.S. T. M. B26-18T, tentative specified minimums for aluminum, copper. 
Modulus of elasticity for Duralumin averages 


t Specification values: Aluminum castings; U.S. Navy 49 Al, July 1, ro15 (Impurities: Fe max. 0.5, Si max. 0.5). 
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82 ; TABLES 57-59 
MECHANICAL PROPERTIES. 
TABLE 57.— Copper. 


Metal and 
approx. 
composition. 
Per cent. 


Ultimate 


Condition. 


Tension, lb/in? 


Copper: 
99.9: electrolytic a se 50) i - 38,000 


LPke aos. cataetae 8.85 5 ; 25,000 
d, 40% reduct] 8.89 14. i 2 50,000 
CARD Ann. at 500°C... .} 8.90 , ; . | 35,000 

by erareeders Drawn cold, 50% 


— : s 50,000 
duction)....... . 67,400 

Ann. 750°C after 

drawing cold... 31,200 

LO itiatsrleaie Drawn hot (64% 
. reduction)..... D 46,800 


* Wire drawn cold from 3.18 mm (0.125 in.) to 0.64 mm (0.025 in.) Bull. Am. Inst. Min. Eng., 
+ Wire drawn at 150° C from 0.79 mm (0.031 in.) to 0.64 mm (0.025 in.) (Jeffries, Joc. cit.). 
Compression, cast copper, Ann. 15.9 mm (0.625 in.) diam. by 50.8 mm (2 in.) long cylinders. 
Shortened 5 per cent at 22.0 kg/mm? or 31,300 lb/in? load. 
s to“ “ © 90.9kg/mm? “ 41,200 Ib/in? “ 
“ 20 “ ee 3 39.0 kg/mm? “ 55,400 Ib/in2 “c 
Shearing strength, cast copper 21.0 kg/mm? or 30,000 |b/in? ; 
Modulus of elasticity, electrolytic 12,200 kg/mm? or 17,400,000 Ib/in? 
a re ie cast 7,700 kg/mm? or 11,000,000 Ib/in? 
es fe ie drawn, hard 12,400 kg/mm? or 17,600,000 |b/in? 


TABLE 58.— Rolled Copper — Specification Value. 


Specification values: U. S. Navy Dept., 47C2, minimums for rolled copper, — Cu min. 90.5 


Hardness. 


Feb., 1919. 


Tensile strength. El Fe es 
Description, temper and thickness. ong-an are 
kg/mm? Ib/in? or 2 in. — per cent. 

Rods, bars, and shapes: 

SOLS SAE Meee SRR COE en Sec RE: 21.0 30,000 25 

Hardsito,.o)15/inimea (ge an.)iimeli secs ne 35.0 50,000 Io 

Hard: 9.5 mm to 257.4 mim (tain.). 2... 4... - Bis 45,000 12 

Hard: 25.4 mm to 50.8 mm (2 in.)......... 28.0 40,000 15 

Hard: over 50.8 mim: (2.an.)s..5.. 000 0. 24.5 35,000 20 
Sheets and plates: 

SOLE MPR asec te ane niceties tae ei ciee 21.0 to 28.0 30,000 to 40,000 25 to 25 

A Rome tee natin omer lite oessolectoro tates * , 35,000 


TABLE 59.— Copper Wire — Specification Values. 


Specific Gravity 8.89 at 20° C (68° F). 
Copper wire: Hard Drawn (and Hard-rolled flat copper of thicknesses corresponding to diameters of wire) 
Specification values. (A.S. T. M. Br-1s, and U.S. Navy Dept., 22W3, Mar. 1, rors.) 


’ 


Diameter. Minimum tensile strength. Maximum elongation 
per cent in 
kg/mm? lb/in? 254 mm (ro in.). 

34:5 49,000 2.75 

10.41 410 35-9 51,000 3.25 
9.27 365 37.1 2,800 2.80 
8.25 A nee 38.3 54,500 2.40 
7.34 289 30-4 56,100 aL 
6.55 .258 40.5 57,600 I.98 
5.82 -22 41.5 59,000 k I.79 

In 1524 mm (60 in.) 

5.18 . 204, 42.2 60,100 1.24 
4.62 .182 43.0 61,200 I.18 
. 4.12 -162 43-7 62,100 rtd! 
3.66 44 44.3 63,000 I.09 
3.25 128 44.8 63,700 1.06 
2.90 TI4 45.2 64,300 I.02 
2.59 102 45.7 64,900 1.00 
2.31 oor 40.0 05,400 0.907 
2.06 o8r 46.2 65,700 0.95 
1.83 072 46.3 65,900 0.92 
T03) 064 46.5 66,200 0.90 
I.45 057 46.7 66,400 0.89 
I.30 ost 46.8 66,600 0.87 
T.t4 045 47.0 66,800 0.86 
To 040 Ply fee 67,000 0.85 


__ P-limit of hard-drawn copper wire must average 55 per cent of ultimate tensile strength for four | 
in table, and 60 per cent of tensile strength for smaller sizes. 
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argest sized wires 


Pema 


ape 


TABLES 60-63. 8 
MECHANICAL PROPERTIES. 3 
TABLE 60.— Copper Wire — Medium Hard-drawn. 
(A. S. T. M. B2-15) Minimum and Maximum Strengths. 


; Tensile strength. 
Diameter. Er Elongation, 
Minimum. Maximum. minimum per cent 


kg/mm? lb/in? kg/mm? Ib/in? 


in 254 mm (ro in.). 


42,000 : 49,000 B75 
47,000 : 54,000 2.50 
in 1524 mm (60 in.) 
49,000 3 56,000 i ths 
59,330 : 57,339 1.04 
$3,000 : 60,000 0.88 


Representative values only from table in specifications are shown above. 
P-limit of medium hard-drawn copper averages so per cent of ultimate strength. 


TABLE 61.— Copper Wire — Soft or Annealed. 
(A. S. T. M. B3-15) Minimum Values. 


a 
Minimum tensile Elongation 
strength. in 254mm 
| (ro in.), 
kg/mm? Ib/in? per cent. 


Diameter. 


TE. 70 ta 7. 0.460 to 0.290 Aas) 36,000 35 
Fin G4ntON 0.289 to 0.103 26.0 37,000 30 


2.59 too. 0.102 to 0.021 27.0 38,500 25 


0.51 too. 0.020 to 0.003 28.0 40,000 20 


Nore. — Experimental results show tensile strength of concentric-lay copper cable to approximate 90 per cent of 
combined strengths of wires forming the cable. 


TABLE 62.— Copper Plates. 
(A. S. T. M. Br1-18) for Locomotive Fire Boxes. Specification Values. 


Tensile strength. 
Minimum requirements. 


kg/mm? Ib/in? per cent. 


Copper, Arsenical, As 0.25-0.50 
Impurities, max. 0.12 : 31,000 ais 
Copper, Non-arsenical: 
Impurities, max. 0.12 : 30,000 30 


Nore. — Copper to be fire-refined or electrolytic, hot-rolled from suitable cakes. 
TABLE 63.— Copper Alloys. 


The general system of nomenclature employed has been to denominate all simple copper- 
zinc alloys as brasses, copper-tin alloys as bronzes, and three or more metals alloys composed 
primarily of either of these two combinations as alloy brasses or bronzes, e.g., ‘Zinc bronze 
for U.S. Government composition “‘G” Cu 88 per cent, Sn ro percent, Zn 2 percent. Alloys 
of the third type noted.above, together with other alloys composed mainly of copper, have 
been called copper alloys, with the alloying elements other than minor impurities listed 
as modifying copper in the order of their relative percentages. 


In some instances, the scientific name used to denote an alloy is based upon the deoxidizer 
|Jused in its preparation, which may appear either as a minor element of its composition or 


not at all, e.g., phosphor bronze. Be tds 
Commercial names are shown below the scientific names. Care should be taken to specify 


the chemical composition of a commercial alloy, as the same name frequently applies to 
widely varying compositions. 
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TABLE 64. 
MECHANICAL PROPERTIES OF MATERIALS. 
TABLE 64.— Copper-zinc Alloys or Brasses; Tin Alloys or Bronzes. 


M 


etal and 
approx. ; 
composition, Condition. 
per cent. 


Density 
or weight. 


Ultimate 
strength. 
Ultimate 
strength 


gm | |b Tension, Tension, 
cm? | ft3 kg/mm? Ib/in? 


| Brass: 
29,000 


55,000 * 
37,000 * 
35,000 
75,000 * 
42,000 * 
40,000 
60,000 
48,000 * 


Sand cast 
Cu 90 Zn rof..| { Cold rolled, hard 
Cold rolled, soft. 

Sand cast 
Cu 80, Zn 20 f.| { Cold rolled, hard 
Cold rolled, soft. 
Cayo. Zn 30; 4|) oan caste. 
Cu 66Zn 34 Std.| { Cold rolled, hard 
hi Cold rolled, soft. 


2 
a 


| | 


9 20 99 90 
hak 


45,800 
70,000 


Cu 60, Zn 40...}| Sand cast 
Muntz metal...| Cold rolled, hard 


wo 
& | 


Bronze: 
¥ Fi 28,000 
Cu 97.7, Sn 2.3. i : 48,000 


Cast or fun! 
Cu 90, Sn ro... bronze or bell] 8.78 ‘ 33,000 


Cu 80, Sn 20... 3 ‘ RS 32,000 
Cul 70; 5030... 5 ; 7,000 


Compressive Strengths, Brasses: 


Cu 90, Zn 10, cast 21.0 kg/mm? or 30,000 Ib/in? 
Cu 80, Zn 20, cast 27.4 kg/mm? or 39,000 Ib/in? 
Cu 70, Zn 30, cast 42.0 kg/mm? or 60,000 Ib/in? 
Cu 60, Zn 40, cast 52.5 kg/mm? or 75,000 lb/in? 
Cu 50, Zn 50, cast 77.0 kg/mm? or 110,000 Ib/in? 


Modulus of elasticity, — cast brass, — average 9100 kg/mm? or 13,000,000 Ib/in? 

Erichsen values: Soft slab, 1.3 mm (0.05 in.) thick, no rolling, depth of impression 13.8 mm (0.55 in.). 
Hard sheet, 1.3 mm, rolled 38% reduction, depth of impression 7.3 mm (0.29 in.). 
Hard sheet, 0.5 mm, rolled 60% reduction, depth of impression 3.7 mm (0.15 in.). 


Compressive Ultimate Strengths, Cast Bronzes: 


Cu 97.7, Sn 2.3 to 24.0 kg/mm? or 34,000 Ib/in? 
Cu go, Sn ro to 39.0 kg/mm? or 56,000 Ib/in? 
Cu 80, Sn 20 to 83.0 kg/mm? or 118,000 |b/in® 
Cu 70, Sn 30 to 105.0 kg/mm? or 150,000 lb/in? 


Specification value, A.S. T. M., B 22-18 T, for specimen = cylinder 645 sq. mm (rz sq. in.) area, 25.4 mm (1 in.) 
long. 

Cu 80, Sn 20: minimum compressive elastic limit = 17.0 kg/mm? or 24,000 Ib/in?® 

Modulus of elasticity for bronzes varies from 7000 kg/mm? or 10,000,000 Ib/in? to 10,000 kg/mm? or 15,500,000 
lb/in? 


* Values marked thus are S. A. E. Spec. values. (See S. A. E. Handbook, Vol. I, p. 13a, rev. December, Forel 
+ Red metal. { Low brass or bell metal. 
4 § A.S.T.M. Spec. Bro-18T requires B.h.n. of 51-65 kg/mm? @ 5000 kg pressure for 70: 30 annealed sheet 
Tass. 


Foor NOTES TO TABLE 65, PAGE 85. 


* Tensilite, Cu 67, Zn 24, Al 4.4, Mn 3.8, P 0.01 compressive P-limit: 42.2 kg/mm? or 60,000 lb/in? and 1.33 per 
cent set for 70.3 kg/mm? or 100,000 lb/in? load. 

+ Compressive P-limit 20.0 to 28.2 kg/mm? or 28,500 to 40,000 |b/in2 

{ Compressive ultimate strength 54.5 kg/mm? or 77,500 lb/in® 

§ Compressive P-limit 4.2 kg/mm? or 6000 Ib/in? and 4o per cent set for 70.3 kg/mm? or 100,000 Ib/in? 

{ Modulus of elasticity 9840 kg/mm? or 14,000,000 Ib/in? 

|| Values are for yield point. ** Minimum values for ingots. 

tf Rolled manganese bronze (U.S. N.) Cu 57 to 60, Zn 40 to 37, Fe max. 2.0, Sno.5 to 1.5; 2.9 per cent increase 
for thickness 25.4 mm (rz in.) and under. 

tt Nio per cent, B.h.n. = 130 as rolled; B.h.n. = 50 as annealed at 930° C. 

U. S. Navy Dept. Spec. 46S ga, June 1, r9r7: German silver Cu 60 to 67, Zn 18 to 22, Ni min. rs, no mechanical 
requirements. 


For list of 30 German silver alloys, see Braunt, ‘‘ Metallic Alloys,” p. 314, — “best” (Hiorns), ‘‘ hard Sheffield,” 
Cu 46, Zn 20, Ni 34. 
§§ Platinoid Cu 60, Zn 24, Ni 14, W x to 2; high electric resistance alloy with mechanical properties as nickel brass. 
|||| Specification Values, Naval Brass Castings, U. S. Navy, 46B rob, Dec. 1, 1917. for normal proportions Cu 62, Zn 


37, 5n 1, min. tensile strength 17.5 kg/mm? or 25,000 lb/in? with 15 per cent elongation in 50.8 mm (2 in.). 
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Alloy and approx. 
composition 
per cent. 


Brass, Aluminum, .. 


Cus57, Zn 42, Alr... 
Cu 5s, Zn 41, Al4... 
Cu 62.9, Zn 33.3, Al 
Cu 70.5, Zn 26.4, Al 
Alum., Manganese. . 
Cu 64, Zn 20, Al 3.1, 
Mn 2.5, Fe r.2... 
Alum., Vanadium... 
Cu 58.5, Zn 38.5, Al 
1.5, Vo. 
Tron: 
Cu 56, Zn 41.5, Fer. 


Aich’s Metal 
Cu60,Zn 38.2, Fer.8 
Delta Metal 


Cu 57, Zn 42, Fer. 


Cu 65, Zn 30, Fes.. 
Iron, Tin: 
Cus6.5, ee Fe1.5, 
Sn 2.07. 
Sterro metal: 


Cu's55, Zn 42.4 Fe 
8 


Lead or Yellow brass 


Cu 60 to 63.5, Zn 35 
to 33.5, Pb 5 to3. 
Lead, Tin or 
RedGbrass. 2 ci..8 0 
Cu83,Zn7, Pb6,Sn4 


ee: Zn 9.5, Pb ro, 


Yellow brass: 
Cu 70, Zn 27, Pb 2, 

Sn. se 
Manganese or Man- 

ganese bronze 
Cu 58, Zn 39, Mn 


0.05 
(Sn, Fe, Al, Pb.) 


Cu 60, Zn 39 Mn, 
tr 
Specification values: 
U.S. Navy, 46 B 
U.S.N., 46.B rsa 
Manganese Vana- 
dium: 
Cu 58.6, Zn 38.5, Al 
1.5 Mno.5, V 0.03. 
Nickel: Nickel  sil- 


ver, Cu 60.4, Zn 


31.8, NE 7-7) 22. 
German silver, 
Cu 61:6, Zn 17.2, 
INGIO2 Talay cider <a 
Cu 60.6, Zn 11.8, 
ING a7 See ie 
Fine wire: 
Cus58,Zn 24, Nir8 
Nickel silver tt 
pet Tungsten: §§ 


Cu 61, Zn 38, Sn t. 
Naval brass,as above 


pepe. bronze: as be- 
Cu oe: a ‘Zn 39:5, 
Sn 2. 
Cu ss, Ba 43, ‘Sn 2 


TABLE 65. 


MECHANICAL PROPERTIES. 


TABLE 65.— Copper Alloys — Three (or more) Components. 


Condition. 


Cast 


3.8. 


mate 
Cast, tensilite* 


Cold drawn... 


|, Gast sand... 
“| \ Rolled, hard. . 
Rolled hard... 


| Hard drawn. . 


{ Sheet ann..... 
\ Sheet hard.... 


Cast, sand J.. 
Gast, chills. 
Rollediaeneee- 


Rolledtt ..... 


Cold drawn... 


Drawn hard. . 


Cast, sand... 
Ann. after roll- 


or weight. 


7 
oe 


Ultimate 
strength 


Ultimate 
strength 


Tension, 
lb/in? 


Per cent. 


NH HUUNHE 
NAIA MWD 
OnAnAnA AN 


16,000 


is} 
H 
ie) 


12,000 


20.7 10,500 


49.2 to]30,000 to 
52.7  |35,000]| 
52.7 to}32,000 to 
563  |37,000!| 
§2-5  }45,900 


57,000 
85,400 
80,000 
47,000 


98,000 


81,400 


72,000 to 
84,000 


57,300 


45,000 
60,000 
65,000 


70,000 to|3 


75,000 


60,500 
76,200 
83,500 


33,000 to}30.0 to}35.0 to 


39,000 
42,000 
61,000 


30,000 


26,500 


29,500 


70,000 to 
75,000 

75,000 to}3 
80,000 
75,000 


50.0 
30.0 


17.0 


17.0 


12.0 |14.0 


35.0 to}35.0 to 
22,0: |25.6 


Tog to 
II9 


104 to 
I1Q 


26.0 |30.0 


32.0 to 
25.0 
34.0 to 
28.0 
28.0 


For Footnotes see page 
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TABLE 65 (continued). 


MECHANICAL PROPERTIES. 
TABLE 65.— Copper Alloys — Three (or more) Components. 


Alloy and approx. 
composition 
per cent. 


or weight. 


Condition. 


3 Density 


38 
atid 
Lal 


Ultimate 


Tension, 
kg/mm? 


strength. 


Tension, 
lb/in? 


Brass, Tin — (continued): 
Rods:* 0 to 12.7 mm (3 in.) 
12.7 to 25.4 mm (1 in.) 


over 25.4 mm (in.) diam.. 
Shapes, all 
Plates to 12.7 mm (¢ in.) 
over 12.7 mm (3 in.) thick 
Tubing (wall thickness) o to 
3.2 mm (¢ in.) 
3.2 to 6.4 mm (}in.)..... 
over 6.4mm (4 in.)...... 
Vanadium: 
Victor bronze, 
V 0.03, Cu 58.6, Zn 38.5, 
AlSes BGT: Obscene 
U.S. Navy ¢| 49 B rb.... 
Bronze, Aluminum. ....... 
Lead: 
Cu 89, Sn io, Pbr 
Cu 88, Sn to, Pb 2 


Cu 80, Sn 10, Pb 10 


Lead, Phosphor: 
Cu 80, Sn 10, Pb 10, P trace 
Lead Zinc, Red brass: 
Cu 81, Sn 7, Pho, Zn3 


Cu 88, Sn 8, Pb 2, Zn 2 


Lead, Zinc Phosphor: 
Cull] 3.2, one iw.3,. D210, 
Zn2.5, 2s 
Manganese: 
Cu 88, Sn. ro, Mn 2 

Nickel, Zinc: 
Cu 88, Sn 5, Nis, Zn 2 (zr)... 
Cu 89, Sn 4, Ni4, Zn 3 (2)... 

Phosphor: 

Cwlost sno. POL eee 
Cu 80, Sn r0:8, P'0.5)6< - ba 
Cu 80, Sn 20, P max. 1 
Rods and bars §§ up to 12.7 
mann (SPs Sen ce ee 
(minimum) over 12.7 mm 
to 25.4 mm (1 in.)..... 
over 25.4 mm (I in.)..... 
Sheets and plates §§ spring 


Cold drawn 


See Cu. Al 


Cast, sand. 
Cast, chill.. 


555 


19.0 
18.3 


17.6 
15-7 
19.3 
17.6 


21.1 
19.7 
18.3 
56.5 
15.8 


13.4 to 
16.2 


549|10.9 
8 


12. 


570|11.0 


13.8 
13.4 to 
I4.I 


10.5 
9.0 


9.2 
8.1 


28.0 
11.2 to 
Ig.I 
42.2I||| 
28.1 


21.1|| 
6 
17.6|||||3 


60,000 
58,000 


27 ,000° 
26,000 


25,000 
22,400 
27,500 
25,000 


54,000 
56,000 
55,000 
56,000 


60,000 
55,000 
50,000 


30,000 
28,000 
26,000 


92,000 |II.5 


55,000 |25.0 


22,000 
30,000 to 
35,000 
31,400 
35,200 


20.0 to 
15.0 
13.5 
4:5 


6.0 
Ilo 
18.0 to 
15.0 
20.0 to 
16.0 


30,000 
26,800 
30,000 to 
35,000 
31,000 to 
37,000 


15,000 |30,400 4.0 


12,800 |27,200 


13,100 
II,500 


40,700 
39,700 


65,000 
31,000 to 
35,000 


40,000 
16,000 to 
20,000 
60,000 =|80,000 
40,000]|||]60,000 
30,000]|||}55,000 
— ,000 
25,000||||| 50,000 


Per cent. 


To bend 120° 
cold about 
radius equal 
to diameter. 


26.0 to|65 to] — 
18.0 
12.0 

3-5 


3-5 
II.5 5 
24.0 to|50 to] — 
a2.0~ |s5 
= (5740). 

$9 


37 
72 to 
77 


Required to 
bend cold 
through 120° 
about radi- 
us equal to 
thickness. 


Bronze, Phosphor: spring wire, hard-drawn or hard-rolled (U. S. Navy Spec. 22 Ws, Dec. z, rors). Cuda, 
Sn min. 4.5, Zn max 0.3, Fe max. 0.1, Pb max. 0.2, P 0.05 to 0.50; max. elong. in 203 mm (8 in.) = 4 per cent. 


Diameter (group limits). 


Min. tensile 
strength. 


Diameter 
(group limits). 


Min. tensile 


strength. 


kg/mm? 


Ib/in? 


mm in. 


kg/mm? 


Ib/ in? 


Up to 1.59 mm or 0.0625 in 
Over 1.59 mm to 3.17 mm (0.125 in.).. 


135,000 
125,000 


to 6.35 
to 9.52 


to 0.250 
to 0.375 


Chee 
74. 


I10,0co 


5 
° IO5,000 


* Specification Values, Rolled Brass, Cu 62, Zn 37, Sn 1, min. properties after U. S. Navy Spec., ror8. 


{ Specification Values: 


Compressive P-limit 15.5 kg/mm? or 22,000 |b/in? 


Jan. 3, r916, Vanadium Pronze Castings, Cu 61, Zn 38, Sn max. 1 (incl. V). 


Mimima. 


§ Compressive P-limit 1o.5 kg/mm? or 15,000 lb/in? and 28 per cent set for 70 kg/mm? or 100,000 Ib/in? 
|| Ultimate compressive strength, 54.2 kg/mm? or 77,100 lb/in? (Cu 76, Sn 7, Pb 13, Zn 4). 
{| Compressive P-limit 8.8 to 9. kg/mm? or 12,500 to 13,000 lb/in?, and 34 to 35 per cent set for 70 kg/mm? 
#* Compression: ultimate strength 49.5 kg/mm? or 70,500 Ib/in2 
tt Modulus of Elasticity: (1) 12,200 kg/mm? or 17,300,000 Ib/in?; (2) 10,500 kg/mm? or 14,900,000 Ib/in? 


{{ Compressive P-limit 17.6 to 28.1 kg/mm? or 25,000 to 40,000 Ib/in? and 6 to ro per cent set for 70 kg/mm? 
or 100,000 lb/in? load. 

Specification Values: U.S. Navy 46 B sc, Mar. 1, 1917, Cu 85 to 90, Sn 6 to rr, Zn max. 4: Cast, Grade 1. — Im- 
purities max. 0.8; min. tensile strength 31.( kg/mm? or 45,000 lb/in? with 20 per cent elong. in 50.8 mm (2 in.). 

{| Grade 2.— Impurities max. 1.6; min. tensile strength 21.1 kg/mm? or 30,000 Ib/in? with I5 per cent elong. in 
50.8 mm (2 1n,). 

§§ Specification Values: U.S. Navy 46B r4b, Mar. 1, 1916, Cu min. 94, Sn min. 3.5, P 0.50, rolled or drawn. 

\||| Minimum yield points specified: for P-limits assume 66 per cent of values shown. 
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MECHANICAL PROPERTIES. 
TABLE 65.— Copper Alloys — Three (or more) Components. 


Ultimate 
stfength 
Ultimate 
strength 


Alloy and approx. se 
See position: Condition. 


Tension, Tension, 
kg/mm? Ib/in? 


Cast 46.0 _ 65,000 
Cu 70, Zn 29.5, Sio.5..|Drawn, hard. . 74.0 a 105,000 
Zinc * Comp. ‘‘G”’. She t : : 27.4 |12,260 | 38,900 |as.0 |2t.0 | 64 |13 
Admiralty gun metal . ‘ 22.5 to} 8,000 to] 32,000 to] 25.0 to} 25.0 to] 65 to|10 to 
Comm’c’l range.. 26.7 |12,000 38,000 [10.0 |12.0 Ws. 120 
Spec. values Bs 21.1 re 30,000 |14.0 _ —|-— 
Cu 88, Sn 8, Zn 4 Cast ¢ 5 X 27.5 |11,000 39,200 |30.5 |24.0 58 fore 
Cu 85, Sn 13, Zn 2 26.7 _ 38,000 |2.5 2.5 — |25 
Zinc, Lead 
Cugo,Sn6.5,Zn2, Pbr.5|Cast § : 23.9 to] 12,000 to} 34,000 to]33.0 to/34.0 to] so to} — 
Rods and bars || up to ; 28.1 |16,000 40,000 |25.0 |26.0 60 
12.7 mm (4 in.).. : 56.2 |40,000 80,000 |30.0 |Required to bend 
over 12.7 mm to 25. 4 cold through 
mam \(7 ny) At.» ; 52.7 137,500 75,000 |30.0 120° about ra- 
over 25.4 mm (rin.). : 50.7 135,000 72,000 130.0 dius equal to 
Shanes all thicknesses ; 52.7 137,500 75,000 |30.0 thickness. 
Sheets and plates,||o to 
12.7 mm (4 in.)..... : ‘ 54.8 139,000] | 78,000 30.0 
over 12.7 mm (}in.).. : 52.7 137,500 75,000 |30.0 
AluminumTin: 
Cu 88.5, Al 10.4, Sn 1.2 Caste chills. ‘ 48.0 136,700 68,000 4.5 
Aluminum Titanium 


“ 


19,800 74,000 |19.5 


eaee K 4 40,500 |105,200 1.0 : 262° 
Cu 89, Al to, Fer z F 3 20,000 to} 65,000 to]30.0 to] 30. 93 to|25 to 
25,000 80,000 }20.0 x Ioo §=(|26 
Lead: 


Cu 71.9, Pb 27.5, Sno.5|Cast. . : — 6,000 to] 3.0 to 


6,600 352 
Nickel, Aluminum: 

Cuba 1, Ni14.6, poets 
Zn 0.7 tt A 63,300 |128,000 
15,000 to} 27,000 to 

19,000 | 33,000 
15,000 to} 23,000 to 
19,000 27,000 


Zinc, Phosphor 
(‘* Non Gran’”’) 
Cu 86, Sn 11, Zn 3, Ptr./Cast ; z 19,000 35,000 
Vanadium, See Brass, 
Vanadium. 
Copper, Aluminum or 
uminum Bronze: 
Cu go, Al io Cast, sand || ||.}7.5—| 468-|13. 51.1 to|19,800 to} 72,700 to} 28. 30.0 to 
7-45|405 ‘ 60.0 |33,200 85,500 
Cu 02:55 Al'7.2: 30. 5 <<. Rolled, and} — | — ; B75 9,600 53,500 


_ 3 59.3. |14,000 84,400. 
—_ : Ry |Eeaisere) 78,850 
— 54.0 |20,000 77,000 


ast 
Cu 86.4, Alo.7, Fe3.9..| Cast, sand.. 
Quenched 
850° C. 
Cu 88.5, Al 10.5, Fe 1.0. drawn 
| FOO" Core s 65.0 


* Gov’t. Bronze: Cu 88, Sn 1o, Zn 2 (values shown are averages for 30 specimens from five foundries tested at the 
Bureau of Standards). 

{ Compressive P-limit 10.5 kg/mm? or 15,000 Ib/in? with 29 per cent set for 70 kg/mm? or 100,000 lb/in? load. 

t Values from same series of tests as first values for ‘‘ 88-10-2,” averages for 26 specimens from five foundries tested 
at Bureau of Standards. 

Compressive P-limit 9.1 kg/mm? or 13,000 Ib/in? with 34 per cent set for 70 kg/mm? or 100,000 |b/in? load. 

| Specification minimums: U. S. Navy 46Br17, Dec. 2, 1918, for hot-rolled aluminum bronze, Cu 85 to 87, Al 7 
to 9, Fe 2.5 to 4.5. Specification values under P-limit are for yield point. 

§ Two and six tenths per cent increase in strength up to 762 mm (30 in.) width. 
’ * Compressive P-limit: cast, 14.1 kg/mm? or 20,000 Ib/in? with 11.4 per cent set at 70 kg/mm? or 100,000 Ib/in? 
oad. 

+t Compressive P-limit: cast, 12.7 to 14.1 kg/mm? or 18,000 to 20,000 Ib/in? with 13 to 15 per cent set at 700 kg/mm? 
or 100,000 |b/in? load. 

tt Modulus of elasticity 14,800 kg/mm? or 21,150,000 Ib/in? 

§ Compressive P-limit 8.4 kg/mm? or 12,000 lb/in? with 36 per cent set for 70.3 kg/mm?, or 100,000 lb/in? load. 

it High values are after Jean Escard ‘ ‘L’Aluminum dans L’ Industrie,” Paris, 1918. Compressive P-limit 13.5 
kg/mm? or 19,200 lb/in? with 13.5 per cent set for 70.3 kg/mm? or 100,000 Ib/in? load. 
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88 TABLE 66. 
MECHANICAL PROPERTIES. 
TABLE 66.— Miscellaneous Metals and Alloys. 


| 


Metal or alloy. - 
Approx. composition, Condition. 
per cent. 


Ultimate 
strength 


Tension, 
lb/in2 


: : 33,000 
* Cobalt, Co 99.7 A ; : 37,000 


Gold, Au 100 { Sas 


Copper, Au go, Cuto.... 17.2 |1073 - 65,100 
Copper, Silver, Au 58, Cu 
30 Ag 12 Drawn hard a ‘ I45,000 
Lead, Pbt Cast 11.38] 710 1,780 
| Rolled hard Ir.40| 711 : 3,300 


ce ; 2,420 
= ; 3,130 
Antimony tPbo95.5,Sb4.5 : 655| 2. ; ; 6,400 
0,000 

Magnesium, Mg See 
Nickel, Ni082522..0. +5. <0 : é 38,000 
i Wrought, ann....| 8. : 42,500 
Wrought, — com. F 65,000 
Rolled hard, “ i 92,000 
Rolled ann. “ q 76,000 
Drawn hard, D = 


(Commicis)peonecee ee 


155,000 
Copper, iron, manganese 
or Monel metal: 
beaeve : 21.2 .3|30,100 70,000 
Ni 67; Cu 28, Fe3, Mn2. Sea Benes igus 
Ni 66, Cu 28, Fe 3.5, Mn| Wrought........ 28.3 8] 40,300 92,200 


25 
Ni 71, Cu 27, Fe2§ Drawn hard —— ) [t22:5) == 160,000 
\| Cast, minimums. 22.8 **| 45.7}32,500 **] 65,000 
{/ Rolled, min., rods 
and bars J... . 28.1 **! 56.2|40,000 **| 80,000 
Rolled, mini- 
mum, sheets 
and plates... .. : 45.7|30,000 65,000 
Palladium, Pd eile herd j 5) — ; 39,000 
. rawn har : j ; 53,000 
Platinum, Pt Ecos 
40,000 
i>" 51,200 
Copper, Ag 75, Cu 25....| Drawn hard : 109,500 
Tantalum, Ta Drawn hard 6 .€ 3 ‘ 130,000 
5 4,000 
Tin, Sn 99.8t} ; 5,300 
: 10,000 


Silver, AgiIoo........ 


Antimony, Copper, Zinc 
(Britannia Metal): 
Sn 81, Sb 16, Cu 2, Zn 1. 
Zinc, Aluminum, etc. 
(aluminum solder): 
Sn 63, Zn 18, Al 13, Cu 
3, 5b 2, Phir 
Sn 62, Zn 15, Al xz, Pb 
8, Cu 3, Sb i 
Zinc, aluminum: 
Sn 86, Zn 9, Al 5 
Aluminum, zinc, cad- 


mium: 
Sn 78, Alo, Zn 8, Cd 5. 


Antimony: Modulus of Elasticity 7960 kg/mm? or 11,320,000 lb/in? (Bridgman). 

* Compressive strength: cast and annealed, 86.0 kg/mm? or 122,000 lb/in?. 

Comm’c’l. comp., C 0.06, cast, tensile, ultimate, 42.8 kg/mm? or 61,000 lb/in?, with 20 per cent elongation in 50.8 
or 2 in. Compression, ultimate 123.0 kg/mm? or 175,000 |b/in? 

Stellite, Co 59.5, Mo 22.5, Cr 10.8, Fe 3.1, Mn 2.0, Co.9, Sio.8. Brinell hardness 512 at 3000 kg. 

+ Modulus of elasticity, cast or rolled, 492 kg/mm? or 700,000 Ib/in?; drawn hard 703 kg/mm? or 1,000,000 lb/in? 

{ For compressive test data on lead-base babbitt metal, see table following zinc. 

§ Modulus of elasticity 15,800 kg/mm? or 22,500,000 Ib/in?. 

é poo caton values, U. S. Navy, Monel metal, Ni min. 60, Cu min. 23, Fe max. 3.5, Mn max. 3.5, C+ Si max. 

0.8, max. 0.5. 

{| Values shown are subject to slight modifications dependent on shapes and thicknesses. 

** Values are for yield point. 

+t Compressive strength: cast, 4.5 kg/mm? or 6,400 Ib/in? 

Modulus of elasticity: cast av. 2,810 kg/mm? or 4,000,000 lb/in®; rolled av. 4ot.0 kg/mm? or 5,700,000 Ib/in? 
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TABLE 67. 8 
MECHANICAL PROPERTIES. o 


. TABLE 67.— Miscellaneous Metals and Alloys. 
(a) TUNGSTEN AND ZINC. 


Density Hardness. 


eng | or weight. 


approx. Condition. 

comp. 
per cent. gm : Tension, Tension, 
oa ; kg/mm? lb/in2 Per cent 


strength. 


Ultimate 
strength 
Ultimate 


Brinell @ 
500 kg. 


Ingot sintered, 
D = 5.7 mmoro.22in.| 18. 2 a7 18,000 
Swaged rod, 
D =0.7 mmoro.o3 in. I51.0 215,000 
Drawn hard, 
D = 0.029 
0.00114 in 415.0 590,000 
Swaged and drawn hot 
97.5% reductionf... 164.0 233,500 
Same as above and 
equiaxed at 2000°C 


118.0 —_ | 168,000 


(Impurities Pb, Fe and Cd) 


Coarse crystalline. ... — 2.8 to 4,000 to 

= coystalling 8. 12,000 

: olled (with grain or 

Zinc, §Zn. direction of rolling). i ‘ 27,000 

Rolled (across grain or 
direction of rolling).|_ — ‘ 36,000 

Drawn hard 5 ; 10,000 


* Commercial composition for incandescent electric lamp filaments containing thoria (ThO2) approx. 0.75 per cent 
after Z Jeffries Am. Inst. Min. Eng. Bulletin 138, June, 1918. 

+ After Z. Jeffries Am. Inst. Min. Eng. Bulletin 149, May, roro. 

t Ordinary annealing treatment makes W brittle, and severe working, below recrystallization or equiaxing tempera- 
ture, produces ductility W rods which have been worked and recrystallized are stronger than sintered rods. The 
equiaxing temperature of worked tungsten, with a 5-min. exposure, varies from 22z00° C for a work rod with 24 per cent 
reduction, to 1350° C for a fine wire with roo per cent reduction. Tungsten wire; D = 0.635 mm or 0.025 in. 

§ Compression on cylinder 25.4 mm (1 in.) by 65.1 mm (2.6 in.), at 20 per cent deformation: 

For spelter (cast zinc) free from Cd, ay. 17.2 kg/mm? or 24,500 Ib/in*. 

For spelter with Cd 0.26, av. 27.4 kg/mm? or 39,000 !b/in?. (See Proc. Ay Sake Me Voller) plir9:) 

Modulus of rupture averages twice the corresponding tensile strength. 

Shearing strength: rolled, averages 13.6 kg/mm? or 104,000 lb/in’. 

Modulus of elasticity: cast, 7,750 kg/mm? or 11,025,000 |b/in? 

Modulus of elasticity. rolled, 8450 kg/mm? or 12,000 000 Ib/in®. (Moore, Bulletin 52, Eng. Exp. Sta. Univ. of Ill.) 


(b) Waitt Meta Bearinc ALLoys (BAaBBitT METAL). 
A. S. T. M. vol. xviii, I, p. 491. 
Experimental permanent deformation values from compression tests on cylinders 31.8 mm (r¢ in.) diam. by 63.5 mm 
(23 in.) long, tested at 21° C (70° F.) (Set readings after removing loads.) 


Permanent deformation @ 21° C 


Pouring . 
temp. Weight. | @ 454 ke @ 2263kg | @ 4536kg 
= 1000 lb. = 5000 lb. = 10,000 lb. 


g/cm’ |lb./ft?) mm in. mm 


458 | 0.000 
461 .000 
A465 -025 
469 .013 
484 .025 


Lead Base. 


15.0] 1.5 
15.0] — 
15.0 
10.0 
15.0 
15.0 
10.0 


*U S. Navy Spec. 46Ma2b (Cu 3 to 4.5, Sn 88 to 89.5, Sb 7.0 to 8.0) covers manufacture of anti-friction-metal castings. 


{Composition W.) : 
Nore, — See also Brass, Lead (yellow brass), Brass, Lead-Tin (Red Brass); Bronze, Phosphor, etc., under Copper 


alloys 
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‘ TABLE 68. 
go 
MECHANICAL PROPERTIES. 


TABLE 68.— Cement and Concrete. 


(a) CEMENT. 


CEMENT: Specification Values (A. S. T. M. Cg to 17, Cro to og, and Co to 16T). 

Minimum strengths based on tests of 645 mm? (1 in?) cross section briquettes for tension, 
and cylinders 50.8 mm (2 in.) diameter by 101.6 mm (4 in.) length for compression. Mortar. 
composed of 1 part cement to 3 parts Ottawa sand by volume; specimens kept in damp 
closet for first 24 hours and in water from then on until tested. 


2 Tension. ey 
Cement Specific Age ension Compression 


(1:3 mortar tested). gravity. days. 


I ye kg/m? Ib/in? 


Std. Portland : 0.16 200 0.85 


White Portland... . : 24 300 I.60- 


Een aes v2) Wp. : .03 50 
INGO So oto no ©.09 125 


(6) CEMENT AND CEMENT Mortars. 


CEMENT AND CEMENT Mortars. — Bureau of Standards Experimental Values. Com- 
pressive Strengths of Portland cement mortars of uniform plastic consistency. Data from 
tests on 50.8 mm (2 in.) cubes stored in water. Sand: Potomac River, representative con- 
crete sand. 


Cement. | ¢ Sand. j iv 
an Water, Age. Compressive strength. 


per cent. days. 


Proportions by volume. | kg/mm? Ib/in? 


NS iS) tO 
Const CON CONT CONT CONT 


NS 


OONKHRHWNHARW OL 


to 


Notre. — (From Bureau of Standards Tech. Paper 58.) Neat cement briquettes mixed at 
Bae consistency (water 21 per cent) show 0.52 kg/mm? or 740 lb/in? tensile strength at 28 
ays’ age; 
1 Cement: 3 Ottawa sand-mortar briquettes, mixed at plastic consistency (water 9 per 
cent) show 0.28 kg/mm? or 400 lb/in? tensile strength at 28 days’ age. 
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TABLE 68 (continued). : on 
MECHANICAL PROPERTIES. 
(c) CONCRETE, 


ConcrETE: Compressive strengths. Experimental values for various mixtures. Results compiled by Joint 
Committee on Concrete and Reinforced Concrete. Final Report adopted by the Committee July 1, 1916. 
Data are based on tests of cylinders 203.2 mm (8 in.) diameter and 406.4 mm (16 in.) long at 28 days age. 


American Standard Concrete Compressive Strengths. 


Aggregate. Units. 

ays sae Taye 1:9 
Granite, trap rock........ kg/mm? 2.3 2.0 ; a8 1.0 
: Ib/in? +3300 2800 2200 1800 1400 

Gravel, hard limestone and 
hard sandstone......... kg/mm? 2.1 1.8 TA Tan 0.9 
lb/in? 3000 2500 2000 1600 1300 

Soft limestone and _ soft 
Sandstone Sree sees kg/mm? es 138 Lai 0.8 0.7 
sleelbyin2 2200 1800 1500 1200 1000 
Ginders eps Se es or te chee kg/mm? 0.6 Ons 0.4 0.4 0.3 
| Ib/in? 800 700 600 500 400 


ee oe — Mix shows ratio of cement (Portland) to combined volume of fine and coarse aggregate (latter as 
shown). 
Committee recommends certain fractions of tabular values as safe working stresses in reinforced concrete 
design, which may be summarized as follows: 
Bearing, 35 per cent of compressive strength; 
Compression, extreme fiber, 32.5 per cent of compressive strength; 
Vertical shearing stress 2 to 6 per cent of compressive strength, depending on reinforcing; 
Bond stress, 4 and 5 per cent of compressive strength, for plain and deformed bars, respectively. 


Modulus of Elasticity to be assumed as follows: 


For concrete with strength. Assume modulus of elasticity. 


kg/mm? Ib/in? kg/mm? lb/in? 
up to 0.6 up to 800 530 750,000 
0.6 tor.5 800 to 2200 1400 2,000,000 
T'S tO) 2-0 2200 to 2900 1750 2,500,000 
Over 2.0 Over 2900 2100 3,000,000 


(See Joint Committee Report, Proc. A.S. T. M. v. XVII, ror7, p. 201.) 


Eprror’s Nore. — The values shown in the table above are probably fair values for the compressive strengths 
of concretes made with average commercial material, although higher results are usually obtained in laboratory 
tests of specimens with high grade aggregates. Observed values on 1: 2:4 gravel concrete show moduli of 
elasticity up to 3160 kg/mm? or 4,500,000 Ib/in? and compressive strengths to 4.2 kg/mm? or 6000 |b/in® 

Tensile strengths average ro per cent of values shown from compressive strengths. f 

Shearing: strengths average from 75 to 125 per cent of the compressive strengths; the larger percentage 
representing the shear of the leaner mixtures (for direct shear, Hatt gives 60 to 80 per cent of crushing strength). 

Compressive strengths of natural cement concrete average from 30 to 4o per cent of that of Portland 
cement concrete df the same proportioned mix. , : 

Transverse strength: modulus of rupture of 1: 24: 5 concrete at 1 and 2 months equal to one sixth crushing 
strength at same age (Hatt). 

Weight of granite, gravel and limestone, 1: 2: 4 concretes averages about 2.33 g/cm* or 145 lb/ft; that of 
cinder concrete of same mix is about 1.85 g/cm? or 115 lb/ft? 

Concrete, 1:2:4 Mix, Compressive Strengths at Various Ages. 


Experimental Values: one part cement, two parts Ohio River sand and four parts of coarse aggregate as 
shown. Compressive tests made on 203.2 mm (8 in.) diameter'cylinders, 406.4 mm (x6 in.) long. (After Pitts- 
burgh Testing Laboratory Results. See Rwy Age, vol. 64, Jan. 18, 1918, pp. 165-166.) 


Age. 
Coarse aggregate. Unit. rae ae pe ae 
Gravielawtctictes ous s adsense: kg/mm? TBS) te Ok 2.06 2.67 
Ib/in? 1921 2204 2925 3798 
WIMEStOME. oe ne cremate: kg/mm? T.24 inks) DAS Yo iti 
Ib/in? 1758 2174 3343 4426 
Sera TOC er at evga a o/sekats = kg/mm? 1.45 1.67 2.36 3630 
Ib/in? 2063 2386 3360 4819 
Granilety.cias comet eee: kg/mm? I.49 1.61 2.14 2.92 
Ib/in? 2122 2292 3043 AISI 
SINGH fino aonco a amene kg/mm? a5 2.16 2.37 B88 
Ib/in? 2484 2) 3075 3365 4803 
SAE ING: Ps oc éBnd anos kg/mm? ey 1.78 2.06 2.64 
Ib/in? 1941 2525 293 3753 


Nore. — Maximum and minimum test results varied about 5 percent above or below average values shown above. 
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TABLE 69. 


MECHANICAL PROPERTIES. 
TABLE 69.— Stone and Clay Products. 


(a) STRENGTH AND STIFFNESS OF AMERICAN BUILDING STONES.* 


Granite... 
Marble... 
Limestone 
Sandstone. 


Weight, 
average. 


Compression. 
Ultimate strength. 


Flexure. 
Modulus of 


Shear. 
Ultimate 
strength. 


Average. 


Range 
per cent. 


Range 
per cent. 


Average. 


Range 
per cent. 


Flexure; ye 
modulus of elasticity. 


Average. 


Ib/in? 


i Oe 


iS) 
Un 


20,200 
12,600 
9,000 


25 


Ke) 
nN 


12,500] 50 


Ww 
[omre) 


Ul 
Ur 


1.60 
2.90 
1.00 
I.20 


20 
25 
45 
45 


5300} 7,500,000 
5750|8,200,000 
5900/8,400,000 
2300]3,300,000 


made at Watertown (Mass. 
is one half the difference between maximum and minimum locality averages expressed as 
a percentage of the average for the stone. 


Arsenal (Moore, p. 184). 


* Values based on tests of American building stones from upwards of twenty-five localities, 


Each value-shown under “Range”’ 


(6) STRENGTH AND STIFFNESS OF BAVARIAN BUILDING STONE.* 


Granite. . 
Marble ft. 
Limestone 
Sandstone 


Weight, 
average. 


Compression. 
Ultimate strength. 


Flexure. 
Modulus of 
rupture. 


Shear. 


Ultimate 


Strength.f 


Flexure. 
Modulus of 
elasticity. 


Average. 


Range 
per cent. 


Average. 


Average. 


Range 
per cent. 


lb/in? 


13.70 
5.60 
8.10 
{3}, 116) 


19,500 

8,000 
II,500} 5 
11,500} 75 


45 
55 


I.00 


0.45 
0.60 


1420 
620 
870 


0.50] 680 


1600 
345° 
2350 
2500 


2,300,000 
4,900,000 
35350,000 
33550,000 


* Values based on careful tests by Bauschinger, “Communications,” Vol. ro. 
{ Shearing strength determined perpendicular to bed of stone. 
t Values are for Jurassic limestone. 


GENERAL Nores.—1. Later transverse strength (flexure) tests on Wisconsin building stones 


(Johnson’s “Materials of Construction,” 1918 ed., p. 255) show moduli of rupture as follows: 
Granite, 1.90 to 2.75 kg/mm? or 2710 to 3910 lb/in®; limestone, 0.80 to 3.30 kg/mm? or 1160 to 


4660 lb/in?; sandstone, 0.25 to 0.95 kg/mm? or 360 to 1320 Ib/in?. 
2. Good slate has a modulus of rupture of 4.90 kg/mm? or 7000 lb/in? (Joc. cit., p. 257). 
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TABLE 69 (continued). 
MECHANICAL PROPERTIES. o3 
TABLE 69. — Stone and Clay Products. 


(c) STRENGTHS OF AMERICAN BurtpING Bricxs.* 


Compression. Flexure. ia. 


Absorption Min. ult. strength. Min. modulus rupture. 


Brick — description. average 


kg/mm? \b/in? kg/mm? lb/ in? 
lasssAn(Vitritied)i:. ae cee cee 
Class B (Hard burned).......... 
Class C (Common firsts)......... 
Class: I)(Common)ee): 6. eae 


* After A. S. T. M. Committee C-3, Report 1913, and University laboratories’ tests 
for Committee C-3 (Johnson, p. 281). 


_—— 


(d) STRENGTH IN CoMPRESSION OF BRICK PreRS AND OF TERRA-CoTTA BLocK Piers. 
Tabular values are based on test data from Watertown Arsenal, Cornell University, 
U. S. Bureau of Standards, and University of Ill. (Moore, p. 185). 


Compression.* 
Brick or block used. Mortar. Av. ult. strength. 


G2, mm? lb/in? 


Watntaed brick- mses ache TpAru lei cemenuars, PALisisald ars MmETROs 2800 
ieressed) (face) bricks «.a.acn >. 1 part P. cement :3 parts sand.....] 1.40 2000 
iressed (ice) brick. 2). ...--. i part ime: 3ipartsisand=. .. 54-0. I.00 1400 
onmon) ricki 2). @ eos: I part P. cement : 3 parts sand..... 0.70 1000 
Sey Slave SR ve qoyanrle hooves, 8 2) jopmdcs GENE 4 penn cll CxS 700 

Beste Noes ess I part P. cement :3 parts sand.....} 2.10 3000 


* Building ordinances of American cities specify allowable working stresses in com- 
pression over bearing area of 12.5 per cent (vitrified brick) to 17.5 per cent (common 
brick) of corresponding ultimate compressive strength shown in table. 

7 P. denotes Portland. 


(e) STRENGTH OF COMPRESSION OF VARIOUS BRICKS. 
Reasonable minimum average compressive strengths for other types of brick than 
building brick are noted by Johnson, “Materials of Construction,” pp. 2809 ff., as follows: 


Brick. kg/mm? Ib/in2 


OURS TODD sods Gad OER D ROIS OS Ca Ey RRO 10 3000 
SLT CSTE ee OF CE fa 2180 (av. 255 tests) 
EOMIOR. cesicd CREO EOI OD OSE ENO ae 60 8000 
TEVORTAGNACIGHD A Nlaees Coen eet neue OOD OSS OO 70 1000 
SACO TCGEG I ED ete SSG OA RO 2 hts Atte: Ser aero cle .40 2000 


The specific gravity of brick ranges from 1.9 to 2.6 (corresponding to 120 to 160 lb/ft’). 

Building tile: hollow clay blocks of good quality, — minimum compressive strength: 
0.70 kg/mm? or 1000 Ib/in®. Tests made for A.S. T. M. Committee C-10 (A. S. T. M. 
Proc. XVII, I, p. 334) show compressive strengths ranging from 0.45 to 8.70 kg/mm” 
or 640 to 12,360 lb/in? of net section, corresponding to 0.05 to 4.20 kg/mm? or 95 to 6000 
Ib/in? of gross section. Recommended safe loads (Marks, “Mechanical Engineers’ 
Handbook,” p. 625) for effective bearing parts of hollow tile: hard fire-clay tiles 
0.06 kg/mm? or 80 Ib./in®; ordinary clay tiles 0.04 kg/mm? or 60 |b/in?; porous terra- 
cotta tiles 0.03 kg/mm? or 40 Ib/in.2 The specific gravity of tile ranges from 1.9 to 2.5 
corresponding to a weight of 120 to 155 Ib/ft*. 
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04 ‘ TABLE 70. 
MECHANICAL PROPERTIES. 
TABLE 70. — Rubber and Leather. 


(a) RuBBER, — SHEET.* 


Ultimate strength. Ult. elongation. Set.f 


Longitudinal. Transverse. Longit. | Transv. | Longit. Transv. 


kg/mm? Ib/in? kg/mm? Ib/in? per cent. per cent. 


.Q2 2730 81 2575 630 640 : L732 
45 2070 -43 2030 640 670 : 5.0 
84 I200 : 1260 480 555 : 16.3 
.30 1850 : 1700 410 460 : 24.0 
48 690 ; 510 320 280 : 25.0 
.62 880 .48 690 315 315 ‘ 25.9 


*Data from Bureau of Standards Circular 38. 
+ Longitudinal indicates direction of rolling through the calendar. 
t Set measured after 300 per cent elongation for 1 minute with 1 minute rest. 


The specific gravity of rubber averages from 0.95 to 1.25, corresponding to an average weight 
of 60 to 80 Ib/ft®. 

Four-ply rubber belts show an average ultimate tensile strength of 0.63 to 0.65 kg/mm? or 
890 to 930 lb./in? (Benjamin), and a working tensile stress of 0.07 to 0.11 kg/mm? or 100 to 150 
Ib./in? is recommended (Bach). 


(0) LEATHER, — BELTING. 


Oak tanned leather from the center or back of the hide: 


Minimum tensile strengths of belts | single 2.8 kg/mm? or 4000 lb./in? 
(Marks, p. 622) double 2.5 kg/mm? or 3600 Ib./in® 


Maximum elongation for one hour application of | single 13.5 per cent 
1.6 kg/mm? or 2250 lb./in? stress double 12.5 per cent. 


Modulus of elasticity of leather varies from an average value of 12.5 kg/mm? or 17,800 lb/in? 
(new) to 22.5 kg/mm? or 32,000 lb./in? (old). 

Chrome leather has a tensile strength of 6.0 to 9.1 kg/mm? or 8500 to 12,900 lb/in?. 

The specific gravity of leather varies from 0.86 to 1.02, corresponding to a weight of 53.6 
to 63.6 lb./ft®. 
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TABLE 71. 95 
‘ ; MECHANICAL PROPERTIES. 


TABLE 71.— Manila Rope. 


Manila Rope, Weight and Strength — Specification Values. From U.S. Government Stand- 
ard Specifications adopted April 4, 1918. 

Rope to be made of manila or Abaca fiber with no fiber of grade lower than U. S. Govern- 
ment Grade I, to be three-strand,* medium-laid, with maximum weights and minimum strengths 
shown in the table below, lubricant content to be not less than 8 nor more than 12 per cent of 
the weight of the rope as sold. 


Minimum breakin; 


strength. 


Approximate 


diameter Circumference. Maximum net weight. 


kg/m lb/ft. kg lb. 


leo 


.O196 
.0286 
.0408 
+0539 
.0037 
-0735 
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PLO 
. 1617 
-IQII - 
2205 


ole eI 
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wl o! 
HH H 


lo MI Ooh HH, 
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Halco bal oloo BIE Cole 


o 
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BAHOWWOHNO 
eo 


OVO" OP ONO TOTO O TOMO S 
(OO 05 OO ROROVO Os OOO 


Onjay HH alco colow 4, 


OAK ANHHO WAH 
Lan 


. 2645 
. 3087 
. 3528 
JMII5 


Ww 
Plo Nie BIR 


w 


aN 


-4703 
- 5290 
- 5879 
.6615 
. 7348 
8818 


aN 


nap - 
Bio BI IE 


.050 
SOs 


.44t 
.646 
. 881 
.107 


no NH NH ND 
Cola olen tale RIE 


381 
645 


iss) 


oo 
I Coles 


&& 


* Four-strand, medium-laid rope when ordered may run up to 7% heavier than three-strand 
rope of the same size, and must show 95 % of the strength required for three-strand rope of the 
same size. 
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96 MECHANICAL PROPERTIES. TABLE 72.— Hardwoods Grown in U. S. (Metric Units). 


; i i Impact bend- ion. Shear.| L¢2- | Hardness. 
Specific Static bending. ing: Compressio | sion. 
gravity, a aaa = rs 
oven-dry, :: * i E ale, Paralll |3 . | 3% |2., yea et 
. ~ 
Common and botanical paced en & 68 oS a F | to grain. BE a} & ad Be ren 
name. wm | 4) 24 OTe ceez)y | | ee gaa gu |ee8 abn 
id ad a 4 aa Pall ence “4 |.3°5 fs - da 
Ne 6 | So eh wo ee Ulises ire ral ieaciies 
vol. | vol. g S37) od ‘3 “4h | limit | mate. |254] Z@ | oa 4 
when}oven-| 4 | a2/ 85] of ng ee Bs |&m | end | side 
green.| dry. Ay 2 3 Ay aq Lah anes &0 aS la kg | kg 
1 4 5 6 uf 8 9 10 11 12 13 14 15 16 | 17 
WAM dere a Od] 2 = cpersietaiete: ane coustes On37)| Os ABmlmeOs) aries 830 | 5.60] 0.56] 1.85 | 2.10 | 0.22 | 0.54 | 0.27 | 250} 200 
(Alnus oregona) 
FASHia blaclkeme caves eject: 0.46 | 0.53 | 1-85 | 4.20] “720 | 5.10 | 0.81 | r.15 | 1.60 | 0.31 | 0.61 | 0.35 | 270] 250 
(Fraxinus nigra) } 
Ash, white (forest grown)..| 0.52 | 0.60] 3.45 {| 6.40] 950] 8.25 | 0.91 | 2.30] 2.70 | 90.57 | 0.89 | 0.44 | 455 | 401 
(Fraxinus americana) 
Ash, white (second growth) | 0.58 | 0.72 | 4.30 | 7.60] 1150] 9.70] I-19] 2.70] 2.90 | 0.56 | 1.13 | 0.56] 515 | 490 
(Fraxinus americana) ; 
VASP EW gett wiciiatecicine, telasss 0.36 |. 0.42 | 2.05 | 3.75 5900 | 4.85 | ©.7I | £.10] I.50] 0-14 | 0.44 | 0.13 | 120] 145 
(Populus tremuloides ) 
IBASSWOOUS aon moraines 0.33 | 0.40 | I.90 | 3.50 725 | 4.35,| 0-43 | E.20 | £2.55 | 0.15 | ©.43 ] O-20 | I25 7 EIS 
(Tilia americana) 
Beech eins ict cikn) acceso 0.54 | 0.66] 3.15 | 5.80] 875 | 7.30] 1:02] 1.80] 2.30 | 0.43 | 0.85 | 0.56 | 430] 370 
(Fagus atropunicea) : 
Birch paper! 2 eon a. 0.47 | 0, 60"| 205) | 4.101] yao ¥.50))|) £.24 || La20,| 255 |) 0.20 || 0.50 |) 0.27) | eo ezo 
(Betula papyrifera) 
Birehy yellow sacs ee astute 0.54 | 0.66°| 3.25 | 6.05 | 1080 | 8.25 | £.02] £.90] 2.40 |] 0.32 | 0.78 | 0.34 | 370 | 340 
(Betula lutea) 
IB UGPennl septs. te reicreeesvcics 0.36 | 0.40 | 2.05 | 3.80 680: |) (5.15 | 0.62) || 2.40-|' 2270 || OFzg) 0553) 0-30.) 205 gers 
(Juglans cinerea) 
Cherny tblack Weems s asses ONA7, || (0. §3) || 2057) 5.65 920 | 7.20 | 0.84] 2.10] 2.50] 0.31 | 0.80 | 0.40 | 340 | 300 
(Prunus serotina) 
hESHIUE SP eect by otter ©..40: ||| 0.46) *2)2074)) 3705 655 | 5.59 | O62 | x.45 | 1.75 || 0227 | 0.56] 0-30 | 249°) Foe 
(Castanea dentata) 
Cottonwood sac ase an ects 0237 | O- 432.05 | 3.78 ¥tOr|| 8.08) | 0.53 | 2.254] -F.00 | O-t7)|| 0.48 | 0.26 | E75 Tero sm 
(Populus delloides) 
Cucumber tree............ 0.44 | 0.527 2.95 || §.20 | roo | 6.55) || O-76 || £9541) 2-20) || 0220] 0.701] fo.3ge |) 270 | 235 
(Magnolia acuminata) 
Dogwood (flowering)...... 0.64 | 0.80 | 3.40 |- 6.20 830 | 5.00 | 1.47 — ZAC Ov Sul oh OF — 640 | 640 
(Cornus florida) j 
Ar Tra COMIC s arava racdeus tal dolecoi te 0.58 | 0.66 | 3.25 | 6.70 840: || 775°) Te27 | 2100 | 2070 | 0.53) ] 0.89 | 10. 470aa Ss Paso 
(Ulmus racemosa) 
lin. WEES = pysyess mcreen sce are O.44 | ©.G4al 2-55. 1) 4-85 725 | 5.70 | 0.86] 2.60] 2.00 | 0.28 | 0.65 | o239 | 275 | 250 
(Ulimuts americana) 
Gumiibllies, sense meen. ce 0.62 | 0.80] 535 | 7.85 | 1430 |10.00 | 1.02] 3.40] 3.70 | 0.72 | I-09 |] 0.45 | 595 | 610 
(Eucalyptus globulus) 
(Chita, Corsweis ya aaseas cans On405)| Onsen e205 1 e555. 740 |.6.30 | 0.76 | r.05 | 2.40) | 0.42 | 0.84 | 0.42} 65 4) 320 
(Nyssa aquatica) 
(Gamma aed eae rets steiara:everaere aie 0.44 |) 0353°1" 2.60.) 14.80 810] 7.05 | 0.84 | 2.70 | £.95 || 0:32 | 0.75 | 0.36 | 285-9 235 
(Liquidambar styraciflua) : 
ck ory PECs. 0 6 ofecuus 0.60 | 0.69 | 3.65 | 6.90 960 | 8.65 | 2.35) |) 2-r5 || 2.80] 0.63 | Z.04 | 0.48 1 575) 505 
(Hicoria pecan) 
Hickory, shagbark wn... 3. 0.64 _ 4.05 | 7.75)" ries ||to.no || =.88 i) 2.403) 3.20 0.70! | 10,63 = — —_— 
(Hicoria ovata) 
Holly, Amierican-7 0... ©.50| O08 | 2.40: | 4.55 630 | 6.25 | I.30 | 1.40 | 2.85 | 0.43 | 0.80 | 0.43 | 390 | 360 
(Ilex opaca) 
Laurel, mountaim......... 6.62 | OF74| 4.70 | 8.00 650 | 7.20 | 0.81 —_— 3.00 | 0.78 | 1.18 — 635 | 590 
(Kalmia latifolia) 
WOCUSE A DIAC S52 sese yao wie 0.65 | 0.71 | 6.20 | 9.70] 1300 |12.90 | 1.12] 4.40] 4.80] Z.0n |] 2.24 | 0.54 | 740 | .715 
(Robinia pseudacacia) 
locust, honey) ¢.2. +s 0.69 | 0.67 | 3.95|| 7.20] oro | 8.30 | 2.20 | 2.35 | 3.Zo || T.09 | £57 || 6-66 |" 655) 650 
. (Gleditsia triacanthos) 
Magnolia (evergreen)...... 0.46 | 0.53 | 2.55 | 4.80 780 || 6520 | £-37 || 1.55] L901) 0-40 10.73 | 0.43=|| SS5uINS3S 
(Magnolia foetida) 
|Maple, silver............. O-44) ||| Orel 2.'20))"4aro) 660 | 4.80 | 0.74.| 1.35 | 1.75 | 0.32 | 0.74 | 0.39 | 305 | 270 
(Acer saccharinum) 
Mia ple fSu eaten misses: 0.56 | 0,06 | 3.50 || 6.40} roqo | 8.50] ©.9r | 2.20] 2.80 || 0.53'| 0.97 | 0.54 || 455 1 4n5 
(Acer saccharum) 
Oak, camyontlive.).......2- 2.) 0.70 | ©.64 | 4345 | 7.45 045 | 7.90 | Z:20] 2.85 | 3.30 | 1.04] £.20] 0.68:| 720 |) 7x5 
(Quercus chrysolepsis) ; 
Oakes vedi ees OAR \aracinetne 0.56 | 0.65 | 2.60] 5.40 910 | 7.30 | 1.04 | 2.65 | 2.25 | 0.51 | 0.79 | 0.52 | 465 | 430 
(Quercus rubra) 
Oak, white...... Homcient rity 6,00 | 'O.70 || 3.30 | 5.85 880 | 7.55 | I.07 |] 2.10 | 2.50 | 0.59 |] 0.88 | 0.54 | 510 | 480 
(Quercus alba) | 
Persimmon <tec:die ne dea ele 0:64 | 0.78) 3.05 | 7.05 965 | 8.50] T.04 | 2.145 | 2.95 | 0.78°| Z.03 | 0.54 |] 565 | 580 | 
(Diospyros virginiana) 
Poplaryryellow:s discs. 0.064 0.37 | 0.42 | 2.25 | 3.95 850 | 5.65 | 0.43 | 1.40] 1.80 | 0.22} 0.56 | 0.32 | r90] x55 
(Liriodendron tulipifera) | 
PV CAMLONG. sicicisiscasscei-svavecever® o.46 | O254 | 2.307) 4.'60 745 | 6.201) 0.84 | 2.70 | 2.00, | 6.32 | o.7E | o.44 || 20 275 
(Platanus occidentalis) 
Walnut, black « ..</.e-4< sarc 0.51] 0.55 | 3.80 | 6.79 | 1000 | 8.49] 0.94 | 2.55 | 3.05 | 0.42 | 0.86 | 0.43 | 435 410 
(Juglans nigra) 
AVVallowyqlackeeris ataicieerers ai 0.34 | O.4t | 2.25 |. 2.75 395 | 3.60 | 0.94 | 0.70 | 1.05 | 0.15 | 0.44 | ©.30 | 160 | 165 
(Salix nigra) | 
Nore. — Results of tests on sixty-eight species; test specimens, small clear es, 50.8 by 50.8 mm in section, 762 mm long 


piec 
for bending; others, shorter. Data taken from Bulletin 556, Forest Service, U. S. Dept. of Agriculture, containing data on 139,900 
tests. See pages 87 and gg for explanation of columns. 
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MECHANICAL PROPERTIES. TABLE 73.— Conifers Grown in U. S. (Metric Units). 97 


Impact bend- 


are : P Ten- i 
; Soeciies Static bending. ing: Compression Shear. ate Hardness. 
ye ery ai 5 Se lake | aL a 
oven-dry, Ee ie q i yA Parallel 3 Ba, |S Load to 
Common and botanical hesed on fi = t| chal zl & | tograin. | ye] & Fe a¢ 4 imbed 
mM oO SS o a a 
name. ney ET ie ess) | ———— a4 | 2H los 5 ‘dtbatl: 
Le Re A! is a . Da. 
ee ele ee a fee | PR Pu eee) om [eee 
VOL | VOes g Saale “dd “dt! limit. | mate. | 3.4] aa | 3-9 
when oven-| 8 agian] € | 8 ‘| ed ae EE’! end | side 
green.| dry. | 4 5 a: ea aq ke/eaut (On) | ae kg | kg 
1 4 5 6 7 8 9 10 11 12 13 14 15 16 | 17 
edarnincensen ccna. « GQrgo (O86 |) acre dass 590 | 5.15 | 0.43 | 2.00] 2.20] 0.32 | 0.58] 0.20| 260] 175 
(Libocedrus decurrens) 
Cedar, Port Orford,.......] 0.41 | 0.47] 2.75 | 4.80] ross | 6.55 | 0.64] 2.10] 2.30] 0.27 | 0.62] 0.17 | 255 | 220 
(Chamaecyparis lawsoniana) 
edar, western red:....... O.8E || 0.34 | 2.30 | 3.165 670) |) 5.05 || Onasi | B75) | 2.00 || On22 | O52 1\\ 0nd | eDOgunaG 
5 yee este) 
dan WiHte. faves ince Seis vie O20) || "0.34 | ros) | 2.05 ASO 3.75 |On38: | E<Oos | L540") 0.20 | Oo I I Io 
(Thuja occidentalis) ¢ = Saal Inca ae ‘ 
Cypress, bald n. .. .. - 0.4£ | 0.47 | 2.80] 4.80 835.4| 5.60 | ©.6r | 2.20 | 2.45 | 0.33 | 0.58 | 0.20,| 205 | 275 
, (Taxodium distichum) 
Bir, amabilis.o rss. 5..-, 6.37 | O.42'/ 2.95 | 4.45, OES | 550) 0.53) ||| Be7Oll) 2.00) || O.,22ii| 0.47 | ont OSM rzo 
: Ares amabilis) 
AEA VOAISAIN «|= Secale s setete sec 0.34 | O.45el 2.%0 | 3.45 675 | 4.85 | o.4ar | 2 Evel Ox ° 0,2 I x 
ride telsenca) 4 55 7 5 43 Bilexssill eras 
Fir, Douglas (1)... wee =.» ©.45 | 0.52 | 3.50] 5.50 | III0 | 6.60] 0.63 | 2.40 | 2.80 | 0.37 | 0.64 0.24 | 230.) 215 
_(Pseudotsuga taxifolia) 
Bir Douglas (2) ee. oct 0.40) | 0-44. | 2.585] 4250 830 | 6.40 | 0.52 | 2.80 | 2.20 | 0.32 | 0.62 | 0.25) 12050) 180: 
_(Pseudotsuga taxifolia) 
BIEN STAN. ier wee cele oe 0.37 | 0.42 | 2.53-1 4.30 Or5:] 5.70] 0.56 |} 2.90 | -2.r0 | 0.24 | 0.53] 0.16.| zoo] 265 
, (Abies grandis) 
PERE POODLE Ace cs oss cysts chaves 0.35 | 0.41 | 2.40 | 4.00 900 | 555 | 0:51 | Le70: || ¥.00 | 0.22)) 0: o.1 13 II 
“(Abies nobilis) i Sea ceded (ace 
Fir, white es Sees 0.35 | 0.44 | 2.75 | 4.20 75 | 5-05 | ©.46-| 2.85 | 7,05 | 0.32 | 0.5%.) O1n8 | 275 1 ESO 
(Abies concolor) 
Hemlock, eastern......... ©.38 | 0.44) 2.05 | 4.70 790) S55) | OnS® ||| LOO |) 2.30 |) 0185) || O02) |NonES: |) 2gonxo5 
oe canadensis) 
Hemlock, western......... 0.38 | 0.43 | 2.40 |] 4.30 835) 5.80 | 0: 5x | 2.169'| 2.05) || 0.2 Ons: 0.18 | 2. 195 
(Tsuga heterophylla) : sf a 
Larch, western..... atelier: or48: | O650 | 3.425 | 5.25 950'| 6.60 | 0.62 | 2.30 | 2.470 | 0.30 | 0.65 | 0.26 | 205)|) 205 
‘ (Larix occidentalis) < 
Pine, Cuban............. 0.58 | 0.68 |. 3.95 | 6.20 | r150 | 7.95 | 0.94 | 2.80 | 3.15 | 0.42 | 0.72 | 0.20 | 260 | 28% 
(Pinus heterophylla) H 
Pine, loblolly. ©. 5.2... On50)| 250) | iro) | 15-30) 970 | 6.70 | 0.81%] 2.09 |-2.50 | 0.39 | 0.63 || 0.20 |) 185 | 205 
(Pinus taeda) | 
Pine, lodgepole =. 07. - 0.38 | 0.44] 2.10 | 3.85 460 || 3.05) O.n5t | Z.50%|| £.85 | 0.22 | 0.49 || 0.55 | Ta5)|| E50 
(Pinus contorta) 
Pine; longleaky ~ 2s. <1-).i./2. 0.55 | © 64 | 3.80 | 6.10 |_1150| 7.60 | 0.86] 2.70 |. 3.10 | 0.42 | 0.75 | o.20 | 250 | 270 
_(Pinus palustris) 
Pine) Norway... --.. ------ 0.44 | 0.51 | 2.60] 4.50 O7O Sse35) 10.7 D |eEeyisn) 2.20) "Ones: oe s5e | conn) amore mae 
(Pinus resinosa) 
Pine, pitch. wee eslasie seein ee 0.47 | 0.54 | 2.60 | 4.70 790 ||\6.40 |.0.74 | 2.50! 2.25 || 0.36) 6.67 | o.e5') 2t0) || “226 
(Pinus rigida) 
Pime,Shortleafe (1/141 «= 0.50: | 0.58 || 3.15 | 25.65 | 1020 | 7.00 || 0:90 || 2.50] 2.70 | 0.34 | 0:63 | 0.23 | 220) 255 
(Pinus echinata) 
Pine, sugar...... lalatate =\staiy ©436.,|| (0.39). 2530 | 3275 685 | 4.70 | 0.43 | 2.65 | 1.85 | 0.25 | 0.50 | o-r9 | 159 | t45 
(Pinus lambertiana) 
Pine, western white.......| 0.39 | 0.45 | 2.45 | 4.00 965 || S235) || On5S | E058) 2u25. | Oner ||| O.50)| Onno)" TEonletso 
(Pinus monticola) . 
Pine, western yellow.......] 0.38 | 0.42 | 3.20] 3.65 4IO'| 4.70 | 0,48 | 2.45 | 2.75 | 0.24 | 0.48 | 0.29)) 4d) Tas 
(Pinus ponderosa) 
Pine, white... .........+.. 0.36 | 0.39 | 2.40 | 3.75 TSO) |sALS5 || O.40 |[9E.05.| ©. 90 |) ©.22/|' 10,45) || 0.20 | eESu naa 
(Pinus strobus) 
| Spruce, ros ORS alah atsverers 0.48 | 0.4% | 2.40 | 4.00 830 | 5.05 | 0.46 | 1.65 | £.095 | 0.25 | 0.54 | 0.15 | 190] 160 
(Picea rubens) 
DEUCE Olt awe lcrdte cele iesleteiets 0.34: 00.37/92. 20 |) 3.85 330.9505 Ord) | £60") 2.85) || 0.23) | 10.55 || 0.26) || exosn le tzo! 
(Picea sitchensis) 3 
Tamarack... Eharateretevele: elefsis 0.49 | 0.56 | 2.95 | 5.05 875 195.50] (Ol 7a | 2320 1 2.45 || 0.84. (0,65) oO. 58 i) Téa Kenzo 
(Larix laricina) 
Yew, western............. On008|| 40.077 ean 5 Sul a7 LO 605 | 6.20 | °0.07,| 2.40 | 3.28] O73. | 2.4 ) 0.32 | 6x00) s20 
(Taxus brevifolia) i 2 
Nore. — The data above are extracted from tests on one hundred and twenty-six species of wood made at the Forest Products 
Laboratory, Madison, Wisconsin. Bulletin 556 records results of tests on air-dry timber also, but only data on green timber are shown, 
as the latter are based on a larger number of tests and on tests which are not influenced by variations in moisture content. The 


strength of dry material usually exceeds that of green material, but allowable working stresses in design should be bas_d on strengths 
of green timber, inasmuch as the increase of strength due to drying is a variable, uncertain factor and likely to be offset by defects. 
All test specimens were two inches square, by lengths as shown. 


Cotumn Norss. — 2, Locality where grown, — see Tables 74 and 75; 3, Moisture includes all matter volatile at roo° C expressed 
as per cent of ordinary weight; 5, Weight, air dry is for wood with 12 per cent moisture; for density, see metric unit tables 72 and 
73; 6-10, 762 mm (30 in.) long specimen on 711.2 mm (28 in.) span, with load at center. 
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098 MECHANICAL PROPERTIES. TABLE 74. — Hardwoods Grown in U. S. (English Units). 


Static bending. ice. Compression. | Shear. Tem 
ae Weight , 
53 ; o 2 
8 8 4 we | ERS % Parallel $s. 8. 2s 
Common and botanical Locality Ow ; 2) os | G2 3 ee eon cE Ba a2 
name. where grown. 5 me Green Air- a af | 3X a 3: es sy a a 
. ag [oye] af Sel eo a ete ee ee 
‘oe # | 82/38) #§ | limit. (G95) 32 | o3 
ee i eee ee ee 
ie fe else | * \pmla |e lee 
— ———_—— sa a | 
1 2 3 4 5 6 7 8 9 11 13 14 15 
(Alder sted ec si0s\+,2.0 cies Wash. 98 46 28 3800 6500 | 1170 8000 2650 310 770 | 390 
(Alnus oregona) : ¥ 
IASH a blacker teieters(efs Mich. and 83 53 34 | 2600 | 6000 | 1020 | 7200 | 1620 430 | 870 | 490 
(Fraxinus nigra) Wis. 
Ash, white (forest grown).|Ark. and W. 43 46 40 | 4900 | 9100 | 1350 | 11700 | 3230 800 | 1260 | 620 
A ( hatte li gabatee aaa Me: 
sh, white (2d growth) 40 5I 46 | 6100 | 10800 | 1640 | 138 
Ce americana) s a age m0.) 3800 ae 
Sue doe deean Nona Wis. 107 47 27 2900 co | 8. 6 6 
(Bopudlis tremuloides) . 2 i. a ee or eae 
Basswood... 3. 0.---s0 Wis. and Pa. |- 103 41 26 2700 5000 | 1030 6200 1710 210 610 | 280 
a Gs americana) 
OCs vert mraretsine i's, « Ind. and Pa. 62 55 44 4500 8200 
E agus ie) a é 1240 | 10400 2550 610 | r2t0 | 760 
INCMs PADER sie. se sulci) Wis. and Pa. 72 51 38 2900 800 5 
e (Be io Posrifera ‘ 9 5 IOIO 7800 1650 300 790 | 380 
Inch, -VeEllOw.i-.<1</. sie/so.0 Wis. 68 58 45 600 | 8600 
i (Buna betes) 4! 1540 | 11700 2760 450 | 1110 | 480 
WELEEAUE HY elieisisreraieveletnre Tenn. and 104 46 27 2900 foto) 
ps cinerea) Wis. ; = ay aap aoe a oO aes 
CITY  OVACK: sore chee vias Pa. 55 46 36 200 8000 | 
oars Seihaa) 4 I3I0 | 10200 2940 440 | 1130 | 570 
eStMUU a eee eakeciee Md.andTenn.| 122 aS 30 I00 6 
e Ore dentaia) : eee 2 a~ Bi a seed fi 
Ottonwoodrar = suis ani. Mo. IIL 49 20 2900 7 
: (Popul deitoides) 9 5300 | IoIO 7200 1770 240 680 | 410 
GUI DEL ELEC a). a oye 2:6 Tenn. 80 |. 50 33 20 
< inet ne 5 4200 7400 | 1560 9300 2760 410 990 | 440 
Ogwoo owering).., .|Tenn. 62 65 8 ie 
Ae florida) 54 | 4800 | 8800 | 1180 7100 1030 | 1520 | — 
Ima COLK sSieieevassis ie ousiares Wis. 5 
outs racemosa) ay oe 45 | 4600 | 9500 | 1190 | rr000 | 2870 750 | 1270 | 660 
Byhite ye. orcs Wis. and Pa. 88 : | 
és aes americana) oe 35 So 6900 | ro30 8Too 2290 390 | 920 | 560 
NADI) MIC Yetess- 6 ns. cob 'e 0 Se Cal: 
‘ Capi ada 79 7° 54 | 7600 | 11200] 2010 | 14200 | 4870 | 1020 | 1550 | 640 
RUD COULOM My a eievetaiste of o 3 x 
G Wossa aquatica) a 97 | 56 | 34 | 4200) 7300 | ros0 | go0o | 2760 | $90 | 1190 | 600 
NAMIE Misys cre ad eyerese sole Mo. 8r ‘° 6 < 
_{Eituidambar can) 5 3 3700 6800 | 1150 | roo00 2360 460 | 1070 | 5IO 
ICKOLY,, DECAT. 24 fines a's Mo. 
H (Hicoria Deca) : es y 46 | 5200 | 9800 | 1370 | 12300 | 3040 960 | 1480 | 680 
ickory, shagbark...... O:, Miss., Pa. 60 62 7 
a age ovata) and W. Va. 3 5I | 5900 | t1000 | 1570 }] 14400 | 3430 | 1000 | 1320 | — 
olly, CNIGANG ts. feiss Tenn. 
i. Hes opaca) 82 aH 49 | 3400 | 6500 | 900 | 8900 | 1970 610 | 1130 | 610 
aurel, mountain....... Tenn. 62 62 8 ; 2 
it, eae latifolia) 49 | 5800 | 8400 | 920 | 10200 — 1110 | 1670 | — 
OCUSt DIAC ecient Tenn. ie} 8 g 
4 ciceana pseudacacia) = 5 ‘2 8800 | 13800 | 1850 | 18300 6280 | 1430 | 1760] 770 
OCUSt; NONEY..n.......- Mo. and Ind. 6 or 9 
(Gleditis iriacanthos) 3 47 | 5600 | 10200} 1290] r1800 | 3320 | 1420 | 1660 | 930 
agnolia (evergreen)... .|La. II 62 ) 8 838 
wae oetida) 7 2 35 3600 6800 | r110 8800 2200 570 | 1040 | 610 
aple, silver........... Wis. 66 6 4 8 8 
a Ad cer saccharinum) * oe it sO 94° S800 TQSO 460 | to50 | 560 
Ale, SUBAL. o's sca os Ind., Pa. and 60 56 
‘ @ cer saccharum) Wis. : ey = O202 | ASO 1 1tSzSe St2c 75° | 1380 | 770 
ak, canyon live........ Cal. 62 6 3 ) 
Oa ams chrysolepsis) a . 6300 | ro600 | 1340 | tr200 | 4oso | 1480 | 1700 | 970 
HOC ireges te ato nines ts Ark., La., Ind. 8 6: 37 77 2 
O ee rubra) and Tenn. ; 48.) SPSS | SAMO RAGS | ARAGON a8 730 | Tr20 | 740 
akarwhites: sate sector Ark., La. and 68 62 47 83 ¢ 
iB (Quercus alba) Ind. 47 | 4700 | 8300} 1250 | ro700 | 2990 830 | 1250 | 770 
ersimmon. : .| Mo. 58 63 5 is 
é Diospyros Dy ASS) 5 3 53 5000 | Io000 | 1370 | 12100 3030 IIto | 1470] 770 
oplar, yellow... 0.0..45 Tenn. 6 38 28 32 8 
s (Liriodendr on tulipifera) 4 : Seo 5600 | 1210 8000 2000 310 790 | 460 
WCATMONOS ii «seg a's 2 ss Ind.and Tenn. 8 2 33 5 29 
Ss dae occidentalis) : 2 35 | 3300 | 500] to60 | 8800 | 2390 450 | roc0 | 630 
Walnut: black.........- I Sr 8 3 5 
(Juglans nigra) ile ® Be sete 9500 | 1420 | IIgQ09 3000 600 | 1220 | 570 
Nore. — Results of tests on sixty-eight species; test specimens, small clear 


bending; others, shorter. Tested ina green condition. Data taken from nae oe ee a ot mens ie ‘— 
ept. of Agriculture, 


containing data on 130,000 tests. See pages 97 and 99 for explanation of columns. 
SMITHSONIAN TABLES. 


| & _ MECHANICAL PROPERTIES. TABLE 75.—Conifers Grown in U. S. (English Units). 99 


a ; Static bending. roe Compression. |Shear. Tet: 
¥ ous Weight. : eee ae 3 Sa} 
res oj ou ad a Parallel] 8,, | 9. 3h 
Common and botanical | Locality | Sy A }3e} da] 8 |tograin ae Ba | ya 
name. where grown.| & G Air- | 3 fas} |) Wale o da Py Py 
Tey SO Glare smn | cespasaen liatea . Gae! g= | ou 
23 # | 38 | 28 a Po a] oe | os 
of i eutegh [GS Mey iE limit. | §.47| $° | 33 
ay Ib/its ee | me | An ee | ea | 8a 
a3 | ™ | whine |e a {ae 
mane | | aia sobs Ra beat PS CE 3 i) 
1 2 3 4 5 6 7 8 9 11 13 14 15 
vedar, incense..........|Cal. and Ore.| 108 45 24 | 39000] 6200] 840] 7300 2870 | 460} 830 | 280 
(Aes race “ 
cedar, Port Orford...... Te. 2 I fore) 6800 
(isesxecyparis lane: 5 39 3 39 1500 9300 3970 380 880 | 240 
: soniana) Baal 7 
Sedar, western red:..... |Wash. an 39 2 - 2 fore} 200 I 210 
(Thuja plicata) Mont. 7 3 33 5 950 7100 2500 310 720 
Cedar, white...... poeraate Wis. 55 28 2r 2600 | 4200] 640] 5300 1420 290 620 | 240 
_ (Thuja occidentalis) 
Cypress, bald. ..7....... La. and Mo. 87 48 3° | 4000 | 6800 | 1190 | 8000 3100 | 470 | 820 |} 280 
egeead isms distichum) . a 
MppaMaAbINSS. .ccc0 eve ss re. an Io2 | 2 fete} 6300 | 130 800 2280 20 o | 240 
(Abies amabilis) Wash. Pleas alt alee h aes USA orl 
PIEMOEISAM Si :. si ereiee's's Wis. 117 45 25 3000 | 4900 960 6900 2220 210 610 | 180 
(ab ses aan oe P 
fireMoupglas (1) -...... ash. ani 36 8 34 000 800 | 1580 tole} 3400 ° Io | 200 
__(Pseudotsuga taxifolia) Ore. G : g mA ag 3 2 
“ir, Douglas (2)........|Mont. and 38 | 34 | 32 | 3600] 6400 | 1180] groo:} 2520] 450] 880 | 350 
__ (Pseudotsuga taxifolia) Wyo. 
‘ir, grand..... gepseasee Mont. and 04 44 27 3600 6100 |. 1300 8100 2680 340 700 | 230 
. (Abies grandis) Ore. ‘ 
HEMBODIE See 5 <ya.0oise\5 515 Ore. 41 31 26 | 3400 | 5700 | 1280} 7900 | 2370 | 310] 700 | 180 
. (Abies nobilis) 
HEE BMP ICES oloisiaiele <ts:eierersi« Cal. 156 56 26 | 3900 | 6000 | 1130 | 7200 2610 | 440 | 730 | 260 
. (Abies concolor) 
lemlock (eastern)...... Tenn. and Ios 48 29 | 4200 | 6700] 1120 7900 2710 500 880 | 260 
 (Tsuga canadensia) Wis. ' 
tlemlock (western)...... Wash. 71 4 29 3400 6100 | 1190 7800 2200 350 810 | 260 
' (Tsuga heterophylla) 
march, westemm......... Mont. and 58 48 37 4600 7500 | 1350 | Q400 3250 560 | 920 | 230 
1 (Larix occidentalis) Wash. 
iY. (Ons Fla. 47 53 45 5600 8800 | 1630 | r1300 3950 590 | 1030 | 290 
i (Pinus heterophylia) 
anemoblolly.... ok. ea 0. -|Fla., N. and 70 54 39 4400 7500 | 1380 9500 2870 550 g00 | 280 
i (Pinus taeda) S. Car, 
ane, lodgepole......... Col., Mont. 65 39 28 3000 5500 | 1080 7200 2100 310 690 | 220 
i (Pinus contorta) and Wyo. 
ne; longleaf....:..... Fla., La. and 47 50 43 5400 8700 | 1630 | 10800 3840 600 | 1070 } 290 
1 (Pinus palustris) Miss. 
dne, Norway.......... Wis. 54 42 34 3700 6400 | 1380 7500 2470 360 780 | 190 
1 (Pinus resinosa) 
WHEMDIEGH 25. 5c. sees ee Tenn. 85 54 35 3700 6700 | 1120 QI0o 2100 510 950 | 350 
i (Pinus rigida) 
ne, Shortleaf.......... Ark. and La. 64 50 37. | 4500 | 8000 } 1450 } 11200 3650 | 480] 890 | 330 
! (Pinus echinata) 
IEP BULAL. oo. oe see ves Cale 123 50 26 3300 5300 970 6700 2340 350 710 | 270 
I (Pinus lambertiana) 
ene, western white..... Mont. 58 39 30 3500 5700 | 1330 7600 2770 300 710 | 250 
I (Pinus monticola) 
ene, western yellow....|Col., Mont., 95 46 28 3100 5200 | roro 6700 2080 340 680 | 280 
{ (Pinus ponderosa) Ariz., Wash. 
| and Cal ; 
MEM DICE. eis sce cs.00 Wis. 74 39 27 3400 5300 | I070 6500 2370 310 640 | 260 
(Pinus strobus) 
IPEUEEN TOU ss scncto:ecise0.s0 N. H. and 43 34 28 3400 5700 | 1180 7200 2360 350 770 | 220 
F (Picea rubens) Tenn. 
pruce, WOUEKA cjersis-cfeisie sie. Wash. 53 33 26 3000 5500 | 1180 7900 2280 330 780 | 230 
P (Picea sitchensis) 
mmarack....... pienwiatee Wis. 52 47 38 4200 7200 | 1240 7800 3010 480 860 | 260 
L (Larix laricina) 
NEWHWESEEIE. «sci eccees Wash. 44 54 45 6500 | IorIoo 990 | 13100 3400 | 1040 | 1620 | 450 
( (Taxus brevifolia) 
7 . 
‘Cotumn Nores (continued). — (7) recommended allowable working stress (interior construction): % tabular value; experi- 


ital results on tests of air-dry timber in small clear pieces average 50 per cent higher; kiln-dry, double tabular values; (10) 
ated falls of s0-lb. hammer from increasing heights; 11-12, 203.2-mm (8 in.) long specimen loaded on ends with deformations 
mured in a 152.4-mm (6 in.) gage length; (12) allowable working stress } tabular crushing strength; (13) 152.4-mm (6 in.) long 
\< loaded on its side with a central bearing area of 2580.6-mm2 (4 in2) allowable working stress, 2 tabular value. (14) 50.8-mm 
to.8-mm (2 in.) projecting lip sheared from block; allowable working stress, 4 tabular value; (15) 63.5-mm (27 in.) specimen with 
tmm (r in.) free loaded length; allowable working stress, } tabular value. (16-17) for values in lbs. multiply values of metric 
ks by 2.2. y 
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TasLles 76-77. 
ELASTIC MODULI. 


TABLE 76,—Rigidity Modulus, 


If to the four consecutive faces of a cube a tangential stress is applied, opposite in direction on 
adjacent sides, the modulus of rigidity is obtained by dividing the numerical value of the tangential 
stress per unit area (kg. per sq. mm.) by the number representing the change of angles on the 
non-stressed faces, measured in radians. 


: ey Rigidit Refer- 
| Substance. eee - Substance. Moulin: aoe 


ANTON 5 Go a || 2a (Oymeides aly 4 5 o 9 << 2888 
a CAS 6 p a 1a |i Qype os Aone AEA h Wai ca| We 5/0 
IER Te mo 6 6 oun 9 all Baye | 1 ne Mi ele fet 2000 
3 316m ooo fol Bo IP. Sern | eae ae ejatte 2650 

“ cast, 60 Cu-+-12Sn .| 3700 i) Tae Ota) . | 2506 
Bismuth, slowly cooled . .| 1240 hard-drawn . . . .| 2816 
Bronze, cast, 88 Cu-+-12Sn.} 4060 5 cy cere tat OP mee 8290 
(Cavahutinubnak, CHS og am 6 & 2450 Casts sc We Viens coe 7458 
Copper, cast o alls “7S cast. cOatse 21. =. 8) 15070 
Me 4213 beeen og Ger oo < 7872 
4450 PARSE? 2 Syke sore 1730 

4664 ie 1543 


[00 


Golder. 2850 i Zine Meaecar ah eee 3850 


es c 3950 Hoge oe Se ae ge od eee. -r 3820 
Tron, cast ‘ 5 || S206 Platinum . Sees) Bs Bee | yOOZO 
- 6706 ‘ Jude isc! 3 6220 
7975 Ress Nee ase oes oll eee 

3 5 5) 8 6940 eae Sy NGOs: Spel Da eho 2730 

oe > o a |} Bites Wa@iay Tockir mm. eas 1770 

ae 0 6 : me 7505 fie MEnemiKes; or ac 1280 
Magnesium, cast . .. . 1710 | Marble . 29 Gs oo" 3 1190 
Nick Clee ne einen Goat eek) meee | mt. 20) Ie =" alice Oo “oud: 3 2290 
Eos phOrm bronZem mums n|mAoSo) 


NwhH LN 
Wo G22 I 


to 


1 Boys, Philos. Mag. (5) 30, 1890. 
Thomson, Lord ivelvin. 


References 1-16, see Table 48. 
17 Gratz, Wied. Ann. 28, 1886. 
18 Savart, Pogg. Ann. 16, 1820. Gray and Milne. 

19 Kiewiet, Diss. Gottingen, 1886. Adams-Coker, Carnegie Publ. No. 46, 
20 Threlfall, Philos. Mag. (5) 30, 1890. 19006. 


toh by 


TABLE 77, —Variation of the Rigidity Modulus with the Temperature. 
t= n, (1 — at — Br? — 73), where ¢ = temperature Centigrade. 


Substance. | Authority, 


Pisati, Nuovo Cimento, 5, 34, 1879. 
| Kohlrausch-Loomis, Pogg. Ann. 141. 
| Pisati, loc. cit. 

K and L, loc. cit. 

Pisati, loc. cit. 

K and L, loc. cit. 

Pisati, loc. cit. 


“ “ “ 


BrasSy se, ee i) ee e2O52 4 
Lest Ow ie A abig arterial Mae vele 
Copper am- mcm nesO 72 
JT etc be a, BOM aa eevee) 
TONE Pera ea eR OLOS 
Pie 2 See er Ee |OOLO 
Pei 5 9g 5 4 |) Cage | 
SHIN" 5 60] oa fm on Il Geleta 
$290 


MON HU 
WIND #03 OVW QU CO 


oNe ea 


SO ef NON BR e 


nt* = 75 [1 —a (¢—15)]; Horton, Philos. Trans. 204 A, 1905. 
ie : | eathe Ppt Pe 
Copper 4.37*| a—=.00039 || Platinum 6.46*| a =.00012 || Tin 
| Copper (com- | Gold 2.45 .00031 || Lead 
mercial) 3.80 | .00038 ||| Silver 2.67 .00048 |) Cadmium 
Tron 3.2 .00029 | Aluminum | 2.55 001 48 |) Quartz 
Steel 3.4.5 .00026 || 


Wwror 
Qos oe 
ah. 
R 
I 


* Modulus of rigidity in rol dynes per sq. cm. 
SmitTHsonian TABLEs. 


TABLES 78-81. 


TABLE 78,—Interior Friction at Low Temperatures. 
C is the damping coefficient for infinitely small oscillations; T, the period of oscillation in sec- 
onds; N, the second modulus of elasticity. Guye and Schapper, C. R. 150, p. 963, 1910. 


IOI 


ibstance ssc: 


Length of wire in 


Diameter in mm 


cm. 


ior (KC 
4 


Nx10 
Oe ¢C 
al 


IN<Tos 
—195° C C 
at 


INS 3 


ewes 


tae 


eee 


coer 


eens 


Cow 


NI Go NI 4 
oe) 


Hw AN HA NWN 


WHANHANN Hw 


Agate 
Alabaster 
Alum 
Aluminum 
Amber 
Andalusite 
Anthracite 
Antimony 
Apatite 
Aragonite 
Arsenic 


to 
t 


is} 
! 


Brass 
Calimine 
Calcite 

| Copper 
Corundum 
Diamond 
Dolomite 
Feldspar 
Flint 

| Fluorite 
Galena 


TABLE 79.—Hardness. 


cp al BS & 


Tridosmium 
Iron 

Kaolin 
Loess (0°) 
Magnetite 
Marble 
Meerschaum 
Mica 

Opal 
Orthoclase 
Palladium 


) 
ws 
ios) 


oa 
ie) 


ice) 


Sulphur 
Stibnite 
Serpentine 
Silver 

Steel 

Tale 

Tin 

Topaz 
Tourmaline 
Wax (0°) 

W ood’s metal 


WwWw DIP Pd wy 
mm WNUn UN 


Garnet 

| Glass 

| Gold 

| Graphite 

| Gypsum 
Hematite 
Hornblende 
| Tridium 


Asbestos 
Asphalt 
Augite 
Barite 
Beryl 
Bell-metal 
Bismuth 
Boric acid 


Phosphorbronze 
Platinum 
| Plat-iridium 
Pyrite 
Quartz 
Rock-salt 

Ross’ metal 
| Silver chloride 


Nw 
mn wn 


I- 


EOIN 
ite 
Ca tnd 


x 


| 
DM AY HY AWS 
WAOEEAALNOH OHO os 


Lot 
in 


SE SIGS) (ox 
(oraren) 


S) 
st 

ae 
wo 


From Landolt-Bornstein-Meyerhoffer Tables: Auerbachs, Winklemann, Handb. der Phys. 1891. 


TABLE 80.—Relative Hardness of the Elements, 


NIN YN Nwo 
000 OWN 


Si hv WwW bb 


fo) 
fo) 
9 
7 
5 
5 


Rydberg, Zeitschr. Phys. Chem °33, 1900 


TABLE 81.—Ratio, p, of Transverse Contraction to Longitudinal Extension 


(Poisson’s Ratio.) 


From data from Physikalisch-Technischen Reichsanstalt, 1907. 
Adams-Coker, 1906, 


p for: marbles, 0.27; granites, 0.24}; basic-intrusives, 0.26; glass, 0.23. 
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IO2 TABLE 82. 
ELASTICITY OF CRYSTALS.* 


The formula were deduced from experiments made on rectangular prismatic bars eut from the crystal. These bars 
were subjected to cross bending and twisting and the corres penal s Elastic Moduli deduced. The symbols 
a B y,%, By ¥, and ay By y, represent the direction cosines of the length, the greater and the less transverse 


dimensions of the prism with reference to the principal axis of the crystal. E is the modulus for extension or 
compression, and T is the modulus for torsional rigidity. ‘The moduli are in grams per square centimeter. 


Barite. 
1ol0 


Fr 16.130! + 18.518! + 10.424! + 2(38.79B'y? + 15.2177a? + 8.88a°B") 


10 
i = 69.52at +- 117.668! + 116.4674 + 2(20.16B*y? + 85.297?a? + 127.3508?) 


Beryl (Emerald). 


1010 3 : ; h F 

So aetna F 4 BQ ane 2 (where $4; 2 are the angles which 
Boo PG A019 Coe Pra tyes 25 i Cosy the length, breadth, and thickness 

To)? of the specimen make with the 


“P= 15.00 — 3.675 cosh, — 17.536 cos*6 cos’f1 | principal axis of the crystal. 


Fluorspar. 
1010 
FE 13-05 — 6.26 (at -- BY 44) 

1010 ‘ 
“BP = 58.04 — 50.08 (B"y? + 7a? + a8”) 


Yop ted = NEA ro) 
tol0 : , 
“Bp = 18.60 — 17.95 (Bizrate aa?) 


Rock salt. 

1010 

Fr = 33-48 — 9.66 (a4 + Bt y*) 

io) RD I 9 7 

apr = 154-58 — 77.28 (By? + ya? +a°B’) 
Sylvine. 

1010 

=75.1 — 48.2 (at + Bt+ 74) 


E 
T= 306.0 — 192.8 (B?y? + ya? + a?B2) 


Iolo 


Topaz. 


Toll 
Fr = 4-341! + 3.4608+ + 3.7714 + 2 (3.879877? + 2.856772 + 2.39782) 


a = 14.88at + 16.5484 + 16.4574 + 30.898y? + 40.8977a? + 43.510282 


RO 12-734 (I — 77)? + 16.693 (1 — 7?)7? + 9.7057! —8.460By (302 — 62) 


1010 5 ) 
tees 19.665 + 9.06072? + 22.9847?71? — 16.920 [(yBx+ By1) (3aa1 — B61) — Bzy2) | 


* These formule are taken from Voigt’s papers (Wied. Ann. vols. 31, 34, and 35). 


SMITHSONIAN TABLES. 


TABLE 83. : 103 
ELASTICITY OF CRYSTALS. 


Some particular values of the Elastic Moduli are here given. Under E are given moduli for extension or compression 
in the directions indicated by the subscripts and explained in the notes, and under I the moduli for torsional 
rigidities round the axes similarly indicated. Moduli in grams per sq. cm. 


(z) IsomErRic SysTEM.* 


Substance. E E, EB Pols Authority. 


a b 


Fluorspar. . . .| 1473108 | 1008 Xx 108 910 X 108 345 X 108 | Voigt.t 
Pyrite 3 . . |) 3530 x 10% | 2530 xX 108 || 2370 X 10° | "1075 < 108 - 


ROCK Saltyom. «|. /h 41Q XN 10° 349 X 108 303 X 108 129 X 108 u: 
e 3: Sligo sed). eRe) 339 X 10% — _ Koch. 
SAMs dep Rh sil vice seme 209 X 10° — — Ms 
‘ eae 372) Se LOO 196 X 108 — 655 X 10° | Voigt. 
Sodium chlorate .| 405 X 10° 319 X 108 — — Koch, 
Potassium alum. ,| 181 X 108 199 X 108 — = Beckenkamp.§ 
Chromium alum .| 161 X10° | 177 X 108 —_ — a 


“ 


Tromalumiie sa se. 186 X 108 


(6) ORTHORHOMBIC SyYSsTEM.|| 


Substance. E, E, | Es Ey E; E, Authority. 
| Barite .. | 620 X 108 5ie X 10°} 959X 10°] 376 X 108| 702 X 108} 740 X 10°] Voigt. 
Topaz . | 2304 X 10° | 2890 X 108| 2652 X 108 | 2670 X 108 | 2893 X 108 | 3180 x 108 a: 


| oO ; 
Substance, Tys=To1 Ti3=T31 To3 = T39 Authority. 


Baniten agen aumoctcryee one 283 X 108 293 X 108 121 >< 1O® Voigt. 
) IRORVA “oo Gok oy Al G6 1330 X 108 353 X 108° 1104 X 108 ef 


In the MONOCLINIC SysTEM, Coromilas (Zeit. fiir Kryst. vol. 1) gives 

Gypsum § Emax = 887 X 10° at per to the principal axis. 
l Brin == 353 >< loo at 75.4 : “ < 

§ Enax = 2213 X 108 in the principal axis. 

| Enin = 1554 X 10° at 45° to the principal axis. 


Mica 


In the HEXAGONAL SysTEM, Voigt gives measurements on a beryl crystal (emerald). 
The subscripts indicate inclination in degrees of the axis of stress to the principal axis of 


the crystal. 


Ho 2105 x 10% | Ba; 1796% 10% Bigg ——2 3121 < 108, 
To = 667 X 108,  To.== 883 X 10%. The smallest cross dimension of the 
prism experimented on (see Table 82), was in the principal axis for this last case, 


In the RHOMBOHEDRAL SYSTEM, Voigt has measured quartz. ‘The subscripts have the 
same meaning as in the hexagonal system. 
Eo= 1030 X 108, Ez 45;=1305 X10°, Ey45—=850 X 10%, Hoo = 785 X 108, 
To = 508 < 10% Tg 348 X 108. 
Baumgarten J] gives for calcite 
Eo= 501 X 10%, E_4;—441 X108, E445=772 10°, Eg9=790 X 10% 


* In this system the subscript @ indicates that compression or extension takes place along the crystalline axis, and 
distortion round the axis. The subscripts 4 and c correspond to directions equally inclined to two and normal to the 
third and equally inclined to all three axes respectively. 

t Voigt, ‘‘ Wied. Ann.” 31, p. 474, Pp. 701, 18873 34, p- 981, 1888; 36, p. 642, 1888. 

t Koch, ‘* Wied. Ann.” 18, p. 325, 1882. 

§ Beckenkamp, “‘ Zeit. fiir Kryst.’’ vol. 10. , 

|| ‘he subscripts 1, 2, 3 indicate that the three principal axes are the axes of stress; 4, 5, 6 that the axes of stress 
are in the three principal planes at angles of 45° to the corresponding axes. 

{7 Baumgarten, “‘ Pogg. Ann.” 152, p. 369, 1879. 
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104 TABLES 84-86. 


COMPRESSIBILITY OF GASES. 


BLE 84,—Relative Volumes at Various Pressures and Temperatures, the volumes at 0° C and 
aie at 1 atmosphere being taken as 1 000 000. 


Nitrogen. Hydrogen. 


‘| 200.5 


9420 
| 6520 
5075 
4210 
3627 
3212 
2900 
2057 


2093 | 


Amagat: C. R. 111, p. 871, 1890; Ann. chim. phys. (6) 29, pp. 68 and 505; 1893. 


TABLE 85,—Ethylene. 


pu at o° C and I atm. =I. 


Amagat, C, R. 111, p. 871, 1890; 116, p. 946, 1893. 


TABLE 86,—Relative Gas Volumes at Various Pressures. 


The following table, deduced by Mr. C, Cochrane, from the PY curves of Amagat and other 
observers, gives the relative volumes occupied by various gases when the pressure is reduced from 
the value given at the head of the column to 1 atmosphere: 


Gas. Relative volume which the gas will occupy when the pressure 
(Temp.= 16°C.). is reduced to atmospheric from 
I atm. 50 atm. Ioo atm. 120 atm. 150 atm. 200 atin. 
to Pet hect em Sasmerssis cleats I 50 100 120 150 200 
liv din Sletten tebetetetete cietate I 48.5 93.6 III.3 LORS 176.4 
INMERESN oa nao afeieiecetehets I 50.5 100.6 120.0 147.6 190.8 
Ai fbotsnaccutncrvetccee mere I 50.9 IOI.8 121.9 150.3 194.8 
Ox ye eiuci a chiemen eerie I — 105.2 os = 212.6 
Obes (ERO? (Ch) ss oncc I 52.3 107.9 128.6 161.9 218.8 
Cagbonudioxicdessem ree I 69.0 Avge 485* 498* 515* 


* Carbon dioxide is liquid at pressures greater than 90 atmospheres. 
SMITHSONIAN TABLES. 


Pressure in 
metres of 
mercury. 


Tas_es 87-89. 
COMPRESSIBILITY OF GASES. 
TABLE 87,—Carbon Dioxide, 


Relative values of Jv at — 


=== a 0 


189.2 35°.1 
liquid | 2360 

- 1725 
62 750 
82 930 
1020 1120 
1210 1310 
1405 1500 
1590 1690 
1779 1870 
1950 2060 


1430 
16015 
1800 
1985 
2170 
2360 


60°.0 70°.0 80°.0 
2730 | 2870 | 2995 
2330 2525 2085 
1650 1975 2225 
1275 1550 | 1845 
1360 1525 1715 
1520 1045 1780 
1705 1810 1930 
1890 1990 2090 
2070 21606 2265 
2260 2340 2440 
2440 2525 2620 


Relative values of Jv ; gv at o? C. and 1 atm. = 1, 


80° 


100° 


50 
100 
150 
300 
500 


0.105 
0.202 
0.295 
D259 
0.591 


0.775 
0.229 | 0.255 
0.326 | 0.346 
0.599 | 0.623 
0.938 | 0.963 


0.984 | 1.096 
0.661 | 0.873 
0.485 | 0.681 
0.710 | @.790 
1.054 | 1.124 


1.921 


1.206 
1.030 
0.878 
0.890 
1.201 
1.999 


Amagat, C. R. 111, p. 


871, 1890; Ann. chim. phys. (5) 22, p. 353, 1881; (6) 29, pp. 68 and 405, 1893. 


TABLE 88,.—Compressibility of Gases. 


p.v. (} atm.). || Hp-0-) os Density. Density. 
OS racer 6 aia aac IME oem er enzo at 
Oz 1.00038 — .00076 ee — .00094 || 32. Bn 
He 0.99974 || + .00052 10.7 + .00053 2.015 (16°) 2.0173 
No 1.00015 || — .00030 14.9 —.000560 || 28.005 28.016 
co 1.00026 || — .00052 13.8 — .00081 || 28.000 28.003 
COz 1.00279 — .00558 15-0 — .00668 || 44.268 44.014 
N2O 1.00327 — .00054 11.0 — .00747 44.285 43-990 
Air 1.00026 — .00046 11.4 - - - 

1.00632 


Rayleigh, Zeitschr. Phys. Chem. 52, p. 705, 1905. 


TABLE 89.—Compressibility of Air and Oxygen between 18° and 22° C. 


Pressures in metres of mercury, Av, relative. 


43 


J) 


4.89 
26614 


84.19 
25745 
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Amagat, C. R. 1879. 


106 TaBLes 90-91, 
RELATION BETWEEN PRESSURE, TEMPERATURE AND 
VOLUME OF SULPHUR DIOXIDE AND AMMONIA.* 
TABLE 90,—Sulphur Dioxide. 


Original volume roooco under one atmosphere of pressure and the temperature of the experi- 
ments as indicated at the top of the different columns. 


Corresponding Volume for Ex- Pressure in Atmospheres for 
periments at Temperature — Experiments at Temperature — 


58°.0 99°.6 183°.2 58°.0 992-6 183°.2 


Pressure in 


8560 | 9440 
6360 7800 g.60 
4040 6420 : 10.35 
- 5310 3 
4405, 11.85 
4030 13-05 
3345 
2780 ths 
2305 16.70 
ESI) 2 20.15 
1450 


TABLE 91. — Ammonia. 


Original volume sooo00 under one atmosphere of pressure and the temperature of the experiments as 
indicated at the top of the different columns. 


Corresponding Volume for Ex- Pressure in Atmospheres for Experiments 
periments at Temperature — at Temperature — 
Volume. 


46°.6 A 183°.6 30°.2 46°.6 | 99°%.6 


Pressure in 


9500 8.85 9.50 

7245 A 

5880 take 
II.50 


* From the experiments of Roth, “‘ Wied. Ann.” vol. 11, 1880, 
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TABLE 92. e 107 
COMPRESSIBILITY OF LIQUIDS. : : ' 


At the constant temperature ¢, the compressibility 8 = (1/Vo)(dV/dP). In general as P in- 
creases, 6 decreases rapidly at first and then slowly; the change of 8 with ¢ is large at low pressures 
but very small at pressures above 1000 to 2000 megabars. 1 megabar = 0.987 atmosphere = 10° 


dyne/cm?. z 


Substance. Substance. 


Compres- 

sibility per 
Reference 
Pressure, 
megabars. 
Compres- 

sibility per 
megabars. 
B X 108 

rar | Reference. 


Ethyl ether, ct’d. af 


Ethyl iodide... ; 


Butyl alcohol, iso.. 
a # iso.. 
iso.. 
iso.. 
iso.. 
“ “ iso. : 
Carbon bisulphide.. 
“ “ 
: . a 
ff As Nitric acid 
Carb. tetrachloride. Oils: 
“cc “oe 


Chloroform 
Dichlorethylsulfide. Rape-seed.... 

a : Phosph. trichloride. 
Ethyl acetate f . 7 


“ce ““c “ce “ 


Propyl alcohol, n.. ' 
4 eee tle 


For references, see page 108. 
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TABLE 93. 


COMPRESSIBILITY OF SOLIDS, 


If V isthe volume of the material under a pressure P megabars and Vo is the volume at atmospheric pressure, then 
the compressibility 8 = —(1/Vo) (dV/dP). Its unit is cm?/megadynes (reciprocal megabars). 108/B is the bulk modu- 
lus in absolute units (dynes/cm2). The following values of 8, arranged in order of increasing compressibility, are for 


P =o and room temperature. 


I megabar = 108 dynes = 


1.013 kg/cm? = 0.987 atmosphere. 


Pee 


Compres- 
sion per 
unit vol. 
per mega- 
bar X 10% 


Bulk 
modulus. 
dynes/cm? 
X 102 


Substance. Reference. 


Platinum 

Nickel 
Molybdenum.... 
Tantalum 
Palladium... 


OONW DAHON 
H 
WHNHNHNHHHLHD 


HHHHAY 
bd 


Copper 
Manganese 


H 
[~ 
w 


iS) 


Mg. silicate, crys. 
Aluminum 


H 


RBNHNHHHHHOODODODDNDODDDODODODOIAOONODO 
OHHH 


OCOOD0OD0ODOVOOHHHHHHHHHHDHNHWWW 


tal 
tb 


Compres- 
sion per 
unit vol. 
per mega- 
bar X 108 


Bulk 
modulus. 
dynes/cm? 
X< 102 


Substance. Reference. 


is} 


Silica glass 
Sodium chloride... 


4 
WBNOONUNPHPOWWHNHNHNNND 
OONNDOOOROBRNUNUHHOOONAW 


H 
S} 


um 
Phosphorus (white) 
Potassium 
Rubidium 

Calcium 


99999099099990000000000 
HHHHNHKHHKHDHN AKNHHHNDHNDHD HD” 


pressure expressed in kilograms per square millimeter: 


Compres- 


Barytborosilicat 
Natronkalkzinksilicat 


Nore. — Winklemann, Schott, and Straulel (Wied Ann. 61, 63, 1897, 68, 1899) give the following coefii- 
cients (among others) for various Jena glasses in terms of the volume decrease divided by the increase of 


Glass: Compres- 


Very Heavy Bleisilicat 


Tonerdborat with sodium, baryte] 3470 


Griineisen, Ann. der Phys. 33, p. 65, 1910. 


Al — 101°, 1.32; 17°, 1.46; 125°, 1.70. 

Cu — 191°, 0.72; 17°, 0.773 165°, 0.83. 

Pt — 189°, 0.373 17°, 0.39; 164°, 0.40. 
4 


The following values in cm?/kg of ro® X Compressibility are given for the corresponding temperatures by 


Fe — 190°, 0.61; 18°, 0.633 165°, 0.67. 
Ag —Z9r°, 0.713 16°, 0.76; 166°, 0.86. 
Pbh— xox’, (2.5); x45, (3.2). 


References to Table 92, p. 107: 


(x) Bridgman, Pr. Am. Acad. 49, 1, 1913; 

(2) Roentgen, Ann. Phys. 44, 1, 1891; 

(3) Pagliani-Palazzo, Mem. Acad. Lin. 3, 18, 1883; 

(4) Bridgman, Pr. Am. Acad. 48, 341, 1912; 

(5) Adams, Williamson, J. Wash. Acad. Sc. 9, Jan. 10, 


1919; . 
(6) Richards, Boyer, Pr. Nat. Acad. Sc. 4, 380, 1918; 
(7) Richards, J. Am. Ch. Soc. 37, 1646, rors; 
(8) Bridgman, Pr. Am. Acad. 47, 381, 1911; 
References to Table 93, p. 108: 
(1) Adams, Williamson, Johnston, J. Am. Ch. Soc. 41, 30, 


TQIQ; 
(2) Richards, zbid. 37, 1646, 1915; 
(3) Bridgman, Pr. Am. Acad. 44, 279, 19009; 47, 366, 191I; 
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(9) Amagat, C. R. 73, 143, 1872; 
(to) Amagat, C. R. 68, 1170, 1860; 
(rr) Amagat, Ann. chim. phys. 29, 68, 505, 1893; 
(12) de Metz, Ann. Phys. 41, 663, 1890; 
(13) Adams, Williamson, Johnston, J. Am. Chem. Soc. 
Al, QI; 
(x4) Colladon, Sturm, Ann. Phys. 12, 39, 1828; 
(t5) Quincke, Ann. Phys. 19, gor, 1883; 
(16) Richards e# al. J. Am. Ch. Soc. 34, 988, ror2. 


27, 


(4) Adams, Williamson, unpublished; 
(5) Richards, Boyer, Pr. Nat. Acad. Sc. 4, 388, 1918; 
(6) Voigt, Ann. Phys. 31, 1887; 36, 1888 


TABLE 94, 109 


SPECIFIC GRAVITIES CORRESPONDING TO THE BAUME SCALE. 
The specific gravities are for 15.56°C (60°F) referred to water at tle same temperature as unity. 
For specific gravities less than unity the values are calculated from the formula : : 
140 & 


Degrees Baumé = -———.—>—_ — 
6 Specific Gravity 


130. 
For specific gravities greater than unity from: 


145 


Degrees Baumé = 145 — erecta 


Specific Gravities less than 1. 


0.02 0.03 
Specific 
Gravity. 


Degrees Baumé. 


88.75 | 35.38 | 82.12 | 
59-19 | 56.07 | 54.21 
36.67 | 34-71 | 32.79 
18.94 | 17-37 | 15-53 


Specific Gravities greater than 1. 


0.02 0.03 0.04 | 0.05 0.06 


Specific 
Gravity. 


Degrees Baumé. 


5.53 6.91 
17.81 | 18.91 
28.06 | 29.00 
36.79 | 37-59 
44.31 | 45.00 
50.84 | 51.45 
BONS Om esi a2 
61.67,") 62.14 
66.20 | 66.62 
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TaBLe 95. 


DENSITY IN GRAMS PER CUBIC CENTIMETER OF THE ELEMENTS, 
LIQUID OR SOLID. 


N. B. The density of a specimen may depend considerably on its state and previous treatment. 


~ + rams per 
Element. Physical State. Oe ae 
Aluminum commercialh’d d’n] 2.70 
s wrought 2.05-2.80 
Antimony vacuo-distilled 6.618 
s ditto-compressed 6.691 
s amorphous 6.22 
Argon liquid 1.3845 
“ee “ 1.4233 
Arsenic crystallized SR 
= amorph. br.-black 3.70 
oy yellow 3.88 
| Barium 3-78 
Bismuth solid 9.70-9.90 
< electrolytic 9.747 
s vacuo-distilled 9.781 
rf liguid 10.00 
e solid 9.67 
Boron crystal 2.535 
s amorph. pure 2.45 
Bromine liquid Be 
Cadmium cast 8.54-8.57 
ig wrought. 8.67 
ee vacuo-distilled 8.648 
cs solid 8.37 
ef liquid 7.99 
Cesium 1.873 
Calcium 1.54 
Carbon diamond 3.52 
oe graphite 2.25 
Cerium electrolytic 6.79 
£ . pure 7.02 
Chlorine liquid 1.507 
Chromium 6.52-6.73 
“ pure 6.92 
eee Cobalt 8.71 
| Columbium 8.4 
Copper cast 8.30-8.95 
ff annealed §.89 
G wrought 8.85-8.95 
“ hard drawn 8.89 
ss vacuo-distilled 8.9326 
G: ditto-compressed 8.937 
«s liquid 8.217 
Erbium 4.77 
Fluorine liquid 1.14 
Gallium 5.93 
Germanium 5.46 
Glucinum 1.85 
Gold cast 19.3 
ss wrought 19.33 
o vacuo-distilled 18.88 
s ditto-compressed 19.27 
Helium liquid 0.15 
| Hydrogen liquid 0.070 
| Indium 7.2% 


baie Authority. 
20° | Wolf, Dellinger, 1910 | 
20 | Kahlbaum, 1902. 
20 6 
Heérard. 
— 183 | Baly-Donnan. 
——- 189 “ “ 
14 | 
Geuther. 
Linck. 
Guntz. | 
Classen, 1890. 
20 | Kahlbaum, igoz. 
271 | Vincentini-Omodei. 4) 
271 ac “ | 
Wigand. - | 
Moissan. 
Richards-Stull. 
20 | Kahlbaum, 1go2. 
318 | Vincentini-Omodei. 
318 “ ae 
20 | Richards-Brink. 
Brink. 
Wigand. 
“ 
Muthmann- Weiss. 
ae ee 
— 33-6 Drugman-Ramsay. 
20 Moissan. 
21 Tilden, Ch. C. 1898. 
15 Muthmann-Weiss. 
20 | Dellinger, 1911 
20 “ee “ 
20 Kahlbaum, 1902. 
— «“ ‘ 
Roberts- Wrightson. 
Sts Meyer, Zo PhaChwas 7. 
— 200 Moissan-Dewar. 
23 | de Boisbaudran. 
20 Winkler. 
Humpidge. 
20 | Kahlbaum, 1902. 
20 a 
—269 | Onnes, 1908. 
— 252 Dewar, Ch. News, 1904. 


Richards. 


*To reduce to pounds per cu. ft. multiply by 62.4. 
7 Where the temperature is not given, ordinary atmospheric temperature is understood. 


Compiled from Clarke’s Constants of Nature, Landolt-Bérnstein-Meyerhoffer’s Tables, and other sources. Where 
no authority is stated, the values are mostly means from various sources. 
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_DENSITY IN GRAMS PER CUBIC CENTIMETER OF THE ELEMENTS, 


TABLE 95 (continued). 


LIQUID OR SOLID. 


Tere 


= 


Element. 


Physical State 


Grams per 
cu. cm.* 


Tempera- 


ture! Ct 


Authority. 


Tridium 
Todine 


Iron 
“ce 


Krypton 
Lanthanum 
Lead 


“ 


Lithium 
Magnesium 
Manganese 
Mercury 

“ 


Molybdenum 
Neodymium 
Nickel 
Nitrogen 


Osmium 
Oxygen 
Palladium 
Phosphorus 


sé 


Platinum 
Potassium 


“c 


“ 


Presodymium 
Rhodium 
Rubidium 
Ruthenium 
Samarium 
Selenium 
Silicon 

“ 


Silver 
“ 


Strontium 
Sulphur 


pure 
gray cast 
white cast 
wrought 
liquid 
steel 
liquid 


vacuo-distilled 
ditto-compressed 
solid 
liquid 

“ce 


liquid 


liquid 


white 
red 
metallic 


solid 
liquid 


cryst. 

amorph. 

cast 

wrought 
vacuo-distilled 
ditto-compressed 
liquid 


solid 
liquid 


liquid 


17 
20 


ea 


Deville-Debray 
Richards-Stull 


Roberts-Austen 


Ramsay-Travers 
Muthmann- Weiss 
Kahlbaum, 1902 


Vincentini-Omodei 


6 “ 


Day, Sosman, Hostetter, 


1914 
Richards-Brink, ’o07 
Voigt 
Prelinger 
Regnault, Volkmann 


Vincentini-Omodei 
Mallet 

Dewar, 1902 
Moissan 
Muthmann- Weiss 


Baly-Donnan, 1902 
Deville-Debray 
Richards-Stull 


Hittorf 
Richards-Stull 
Richards-Brink, ’o7 
Vincentini-Omodei 
Muthmann- Weiss 
Holborn Henning 
Richards-Brink, ’07 
Toby 

Muthmann- Weiss 


Richards-Stull-Brink 
Vigoroux 


Kahlbaum, 1902 
“ “ 


Wrightson 
Richards-Brink, ’07 
V incentini-Omodei 


“ “ 


Dewar 
Matthiessen 


Vincentini-Omodei 


* To reduce to pounds per cubic ft. multiply by 62.4. 


+ Where the temperature is not given, ordinary atmosphere temperature is understood. 
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I12 TABLES 95 (continued) AnD 96. DENSITY OF VARIOUS SUBSTANCES. 


TABLE 95 (continued). — Density in grams per cubic centimeter and pounds per cubic foot of the elements, 
‘ liquid or solid. ‘ 


F Grams per Tempera- Z 
Physical State. nent: AEPATV Go Authority. 


ce 


Tantalum 16.6 
Tellurium crystallized 6.25 F 
amorphous 6.02 - ). Beljankin. 
Thallium 11.86 Richards-Stull. 

Thorium 12.16 Bolton. 
Tin white, cast Matthiessen. 
i “ wrought 
“crystallized 
“ solid ; Vincentini-Omodei 
liquid : ts See Table 65 
gray ; 
Titanium ; Mixter. 
Tungsten 
Uranium : Zimmermann. 
Vanadium ql | Ruff-Martin. 
Xenon liquid : | Ramsay-Travers. 
Yttrium : St. Meyer. 
Zinc cast 
sf wrought 
vacuo-distilled : Kahlbaum, 1902. 
ditto-compressed ss es 


liquid Roberts- Wrightson. 
Zirconium 


TABLE 96, — Density in grams per cubic centimeter and in pounds per cubic foot of different kinds of wood. 


The wood is supposed to be seasoned and of average dryness. 


ae | 
Grams © | Pounds | Grams Pounds 
per cubic | per cubic per cubic | per cubic 
centimeter. foot. centimeter. | foot. 


Alder 0.42-0.68 | 26-42 || Hazel 0.60-0.80 | 
Apple 0.06-0.84. 52 || Hickory 0.60-0.93 
Ash 0.65-0.85 - Holly O76. fa 
Bamboo 0.31-0.40 Iron-bark 1.03 
Basswood. See Linden. Juniper 0.56 
Beech 0.70-0.90 Laburnum 0.92 
Blue gum 1.00 Lancewood 0.68—1.00 
Birch 0.51-0.77 Lignum vitz LL7—1.39 
Box : 0.95-1.16 | Linden or Lime-tree 0.32-0.59 | 
Bullet-tree 1.05 || Locust : 0.67-0.71 
Butternut 0.35 2 | Logwood .QI 
Cedar 0.49-0.57 | 30-3: Mahogany, Honduras 0.66 
Cherry 0.70-0.90 | 43-56 : Spanish 0.85 
Cork 0.22-0.26 | I. _ Maple 0.62-0.75 
Dogwood 0.76 7 Oak 0.60-0.90 | 
Ebony I.11-1.33 | 69-8: Pear-tree 0.61-0.73 | 
Elm 0.54-0.60 | 34-37 Plum-tree 0.66-0.78 
Fir or Pine, American Poplar 0.35-0.5 
White | Satinwood 0.95 
Larch Sycamore 0.40-0.60 
Pitch Teak, Indian 0.66-0.88 
Red sc African 0.98 
Scotch Walnut 0.64-0.70 
Spruce Water gum 1.00 
Yellow Willow 0.40-0.60 
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* Where the temperature is not given, ordinary atmospheric temperature is understood. 
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TABLE 97. I 13 
DENSITY IN GRAMS PER CUBIC CENTIMETER AND POUNDS PER CUBIC 
FOOT OF VARIOUS SOLIDS. ‘ 


N.B. The density of a specimen depends considerably on its state and previous treatment; especially is this the 
case with porous materials. 
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are Wwe | eu foot Material Scr oar Meer on 
Agate 2.5-2.7 150-168 Gum arabic T.3-1.4 80- 85 
Alabaster : Gypsum 2.31-2.33 144-145 | 
Carbonate 2.69-2.78 168-173 Hematite 4-9-5.3 306-330 | 
Sulphate 2.26—2.32 141-145 Hornblende 3.0 187 
Albite 2.62-2.65 163-165 Ice 0.917 yee 
Amber 1.06-I.11 66- 69 Ilmenite 4.5-5. 280-310 
Amphiboles 2.9-3.2 180-200 Ivor 1.83-1.92 114-120 
Anorthite 2.74-2.76 171-172 Labradorite 2.7-2.72 168-170 
Anthracite 1.4-1.8 87-112 Lava: basaltic 2.8-3.0 175-18 
Asbestos | 2.0-2.8 126-175 trachytic 2.0-2.7 125-16 
Asphalt I.I-1.5 69- 94 Leather : dry 0.86 54 
Basalt 2.4=3.1 150-190 greased} 1.02 64 
Beeswax 0.96-0.97 60- 61 Lime : mortar 1.65-1.78 103-111 
Beryl 2.69-2.7 168-168 slaked T-3-1-4 81- 87 
Biotite 2.7-3.1 170-190 Limestone 2.68-2.76 167-171 
Bone 1.7-2.0 106-125 Litharge : 
Brick 1.4—2.2 87-137 Artificial 9-3-9.4 580-585 
Butter 0.86-0.87 53- 54 Natural 7.8-8.0 490-500 
Calamine 4.1-4.5 255-250 Magnetite 4.9-5.2 306-324 
Caoutchouc 0.92-0.99 57- 62 Malachite 3.7-4.1 231-256 
Celluloid 1.4 87 Marble 2.6-2.84 160-177 
Cement, set 2.7-3-0 170-190 Meerschaum *0.99-1.28 62- 80 
Chalk 1.9-2.8 118-175 . || Mica 2.6-3.2 165-200 
Charcoal: oak 0.57 35 Muscovite 2.76-3.00 172-225 
pine 0.28-0.44 18— 28 Ochre as 218 
Chrome yellow 6.00 374 Oligoclase 2.65-2.67 165-167 
Chromite 4.32-4.57 270-285 Olivine 3.27=3.37 204-210 
| Cinnabar 8.12 507 Opal PD 127 
Clay © 1.8-2.6 122-162 Orthoclase 2.58-2.61 161-163 
Coal, soft 1.2-1.5 75- 94 Paper 0.71.15 44- 72 
Cocoa butter 0.89-0.91 56- 57 Paraffin 0.87-0.91 54- 57 
Coke 1.0-1.7 62-105 Peat 0.84 2 
Copal 1.04-1.14 65- 71 ‘|| Pitch 1.07 67 
Corundum 3.9-4.0 245-250 || Porcelain 2.3-2. 143-156 
Diamond : |, Porphyry 2.6-2.9 162-181 
Anthracitic 1.66 104. | Pyrite 4.95-5.1 309-318 
Carbonado 3,01-3.25 188-203 Quartz. 2.65 165 
Diorite 2.52 157 Quartzite 2.78 170 
Dolomite 2.84 177 | Resin 1.07 67 
Ebonite L.15 72 Rock salt 2.18 136 
Emery 4.0 250 Rutile 6.00-6.5 374-406 
Epidote 3.25-3-5 203-218 || Sandstone 2.14-2.36 134-147 
Feldspar 2.55-2.75 159-172 | Serpentine 2.50=2.65 156-165 
Flint 2.63 164. || Slag, furnace 2.0-3.9 125-240 
Fluorite 3.18 198 Slate 2.6-3.3 162-205 
Gamboge 12 75 Soapstone 2.6-2.8 162-175 
Garnet 3.1 5=4.3 197-268 Starch ang 95 
Gas carbon T.88 117 Sugar 1.61 100 
| Gelatine ey) 180 } allie 2.7-2.8 168-174 
Glass : common 2.4-2.8 150-175 | Tallow 0.91-0.97 67— 60 
flint 2.9-5.9 180-370 || Topaz 3.5-3.6 219-223 
Glue 1.27, 80 Tourmaline 3.0=3.2 190-200 
| Granite 2.64-2.76 165-172 Zircon 4.68-4.70 202-293 
| Graphite 2.30-2.72 144-170 


114 TaBLe 98. 


DENSITY IN GRAMS PER CUBIC CENTIMETER AND POUNDS PER CUBIC 
FOOT OF VARIOUS ALLOYS. 


Grams 


Alloy. per cubic 
centimeter. 


Brasses : Yellow, 70Cu a 30Zn, cast . 
a: rolled 
cf G drawn 
Red, 90Cu + 10Zn 
White, soCu-++ 50Zn . 
Bronzes: goCu + 10Sn : 
- 85Cu + 15Sn 
a 80Cu + 20Sn 
ue 75Cu-+25Sn . 
German Silver: Chinese, 26. 3Cu + 36. 6Zn + 36. 8Ni 
6 Berlin (1) 52Cu + 26Zn + 22Ni 
(2) 59Cu + 30Zn + 11 Ni 
S (@))oense aoee a 6Ni 
Nickelin . : 
in: 87.5Pb + 12.5Sn 
“ 84Pb+16Sn . 
77-8Pb + 22.2Sn 
63-7Pb + 36.35n 
46.7Pb + 53.35n 
30.5Pb + 69.5Sn 
Bismuth, Lead, and Tin: 53Bi+ 4oPb + Cd 
Wood’s Metal: soBi-+ 25Pb + 12.5Cd Bi 123 oe 
Cadmium and Tin: 32Cd+68Sn_ . 
Gold and Copper: 98Au + 2Cu 
“c “ “ g6Au + 4Cu 
94Au + 6Cu 
92Au-+ 8Cu 
goAu + 10Cu 
88Au + 12Cu 
86Au + 14Cu 
Aluminum and Copper: 10Al + 9o0Cu 
“ “ “ 5Al ok 95Cu 
“ ‘“ “ 3Al oh 97Cu 
Aluminum and Zinc: 91Al-+ 9Zn 
Platinum and Iridium: 90Pt+ tol . 
S s 85Pt+15Ir. : 
o 66.67 Pt + Ir 
Se S 5Pt+ ane a, : 
Constantan : 60Cu + 4oNi ; 
Magnalium: 70A] + 30Mg : 
Manganin: 84Cu-+ 12Mn+4Ni_ . 3 
Platinoid: German silver + little Tungsten 
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TaBLEes 99-100, Jer 5 


TaBLE 99.—DENSITIES OF VARIOUS NATURAL AND ARTIFICIAL - 
MINERALS. 


(See also Table 97.) 


Density 
Name and Formula. grams 
per cc. 


; Density 
Name and Formula. grams 
per cc. 


| Reference. 
Reference. 


Pure compounds, all at Feldspars : 

Ie Albite glass, NaA1Si,O,, 
Magnesia, MgO A : I art. 
Lime, CaO : ; Albite cryst., NaA1Si,;O., 
Forms of SiQ,;: art. 
Quartz, natural : . Anorthite glass, 

“artificial SOA 2 lm CaAl,Si,Os,, art. 

Cristobalite, artificial , é Anorthite cryst., 
Silica glass : : CaAl,Si,Og, art. 
Forms of Al,SiO; : Soda anorthite, 
Sillimanite glass ¥ ; NaA1Si0,, art. 
Sillimanite cryst. Su : Borax, glass, Na,B4O, 
Forms of MgSiO,: ReeCLY Ste a 
| 8 Monoclinic pyroxene : Fluorite, natural, CaF, 

a’ Orthorhombic pyroxene 
B’ Monoclinic amphibole (NH,).SO, 
vy’ Orthorhombic amphi- 6,SO,4 


bole : : KCl, fine powder 


Glass : : Forms of ZnS: 
Forms of CaSiO,: Sphalerite, natural* 
a (Pseudo-wollastonite) 2. : Wurtzite, artificialt 
B (Wollastonite) ‘ ? Greenockite, artificial 
Glass : : “i Forms of HgS: 
Forms of Ca,SiO,: Cinnabar, artificial 

a —calcium-orthosilicate | 3. ; Metacinnabar, artifi- 
B— * se ; . cial 

“cc “ 


% : s 

B— 9 “ Minerals : 

| Lime-alumina compounds : Gehlenite, from Velar- 

3C20 2AILOs y : dena 

5CaO- 3A1,0, ‘ , Spurrite, from Velardena, 

CaO - Al,O, : é 2@a, 510," CaCO; 

| 3CaQ > 5Al,O0, Hillebrandite, from Vel- 

3CaO - 5A1,03, unstable ardena, 

| form : ‘ CaSiO,* Ca(OH), 

Forms of MgSiO;° CaSiO,: Pyrite, natural, FeS, 

Diopside, natural, cryst. ; c Marcasite, natural, FeS, 
artificial, “ Y i *Only 0.15% Fe total impurity. 


“3 glass : : + Same composition as Sphaler- 
ites 


References: 1, Larsen 1909; 2, Day and Shepherd; 3, Shepherd and Rankin, 1909; 4, Allen and 
White, 1909; 5, Allen, Wright and Clement, 1906; 6, Day and Allen, 1905; 7, Washington and 
Wright, r910; 8, Merwin, rg1r; 9, Johnston and Adams, 1911; 10, Allen and Crenshaw, 1912; 
11, Wright, 1908. ; ) 

All the data of this table are from the Geophysical Laboratory, Washington, 


Taste 100.—DENSITIES OF MOLTEN TIN AND TIN-LEAD EUTECTIC. 


1400° | 1600° 
6.280 | 6.162 


Temperature 250°C. | 300° 400° | 500° | 600° 
Molten tin 6.982 | 6.943 6.875 6.814 | 6.755 C 
37 pts. Pb, 63, Sn.* | 8.011 | 7.905 | 7.879 | 7.800] 7.731 | - - 


| 


* Melts at 181. Day and Sosman, Geophysical Laboratory, unpublished. 


For further densities inorganic substances see table 219. 
“cs (79 ce organic “e oe oe DON). 
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] 16 TABLES 101-102. 
WEICHT OF SHEET METAL. 


TABLE 101.— Weight of Sheet Metal. (Metric Measure.) 


This table gives the weight in grams of a plate one meter square and of the thickness stated in the 
first column. 


Thickness 
in thou- 
sandths of 
acm. 


Aluminum. | Platinum. Silver. 


26.7 215.0 105.0 
53-4 430.0 ae? Cole) 
80.1 6450 315-0 
106.8 860.0 420.0 
133-5 1075.0 525.0 


160.2 1290.0 630.0 
186.9 1505.0 735-0 
213.6 1720.0 840.0 
240.3 1935.0 945.0 
267.0 2150.0 1050.0 


1 
2 
or 
4 
5 
6 
7 
8 
9 
° 


eal 


TABLE 102.— Weight of Sheet Metal. (British Measure.) 


Iron. Copper. Brass. Aluminum. Platinum, 
Thickness | 

Hes Pounds per | Pounds per | Pounds per | Pounds per | Ounces per | Pounds per | Ounces per 
Sq. Foot. Sq. Foot. Sq. Foot. Sq. Foot. | Sq. Foot. | Sq. Foot. Sq. Foot. 

1 .04058 .04630 04454 .01389 2222 Ae el LLO 1.790 

2 08116 .09260 .08908 .02778 4445 2237 3.579 

3 12173 -13590 -13363 04167 6667 | — .3356 5-369 

4 16231 .18520 17817 05550 8890 4474 7.158 

5 .20289 .23150 .22271 .06945 Tet REZ Se 5508 8.948 

6 24347 | 27780 26725 .08334 1.3335 oi) -O7teeenG-7 38 

7 .28405 32411 31179 .097 23 SS) O30) be.ce7 

8 .32463 .37041 35634 Ame 1.7780 8948 14.317 

9 -36520 41671 -40088 12501 2.0002 1.0067 | 16.106 

IO -40578 .46301 44542 13890 2.2224 1.1185 | 17.896 


Gold, Silver. 


Thickness 
in Mils. Troy @eans Troy Gra; 
CeeeeneT| Sa. Foot, | QuPesS Per) Sq Foot. 
1 1.4642 702.8 0.7967 382.4 
2 2.9285 1405.7 TesORR 764.8 
B 4.3927 2108.5 2.3900 1147.2 
4 5.5570 2811.3 3 1867 1529.6 
5 7.3212 3514.2 3.9833 1912.0 
6 8.7854 4217.0 4.7800 | 2294.4 
ii 10.2497 4919.8 5-5767 2676.8 
8 11.7139 5622.7 6.3734 3059.2 
9 13.1782 6325.5 7.1700 3441.6 
fe) 14.642 7028.3 7.9667 3824.0 
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TABLE 108. 


107 


DENSITY OF LIQUIDS. 


Density or mass in grams per cubic centimeter and in pounds per cubic foot of various liquids. 
\ 


Liquid. De at ciel ieee a Temp. C. 
Acetone F : ; 4 : 0.792 . 20° 
Alcohol, ethyl 5 ; A ; : BGor Bay (e) 
a Enh : : 6 5 F 0.810 50.5 fo) 
Anilin ; A 5 ‘5 3 : 1.035 64.5 (e) 
Benzol C oF flats - 5 . 0.899 50.1 ) 
Bromine ‘ 5 A : 5 3.187 199.0 (0) 
Carbolic acid (crude) : : 5 0.950-0.965 59.2-60.2 15 
Carbon disulphide 5 6 C 1-293 80.6 ) 
Chloroform . C . . 5 ¢ 1.480 92.3 18 
Cocoa-butter : 3 5 5 c 0.857 Bes) 100 
Ether . 5 4 ; 5 ; 0.736 45.9 ) 
Gasoline A 5 6 3 . s ‘ 0.66-0.69 41 .0-43.0 = 
Glycerine 3 5 5 c 3 1.260 78.6 (e) 
Japan wax . : C : 0.875 54.6 100 
ilk ; : : 1.028-1 .035 64.2-64.6 - 
Naphtha (wood) . . ; é 0.848-0.810 52.9-50.5 Co) 
Naphtha (petroleum ether). é 5 0.665 AI.5 15 
Oils: Amber ; Cc < 0.800 49.9 15 
Anise-seed . c 3 : A 0.996 62.1 16 
Camphor . . 5 ; : 0.910 56.8 - 
Castor 3 A 5 4 0.969 60.5 m6 
Clove C “ , I.04-1 .06 65.06. 25 
Cocoanut $ ; 5 0.925 Ba of iis 
Cotton Seed 7 ° 0.926 57.8 16 
Creosote. © 7: ; ; ; I.040-1.100 64.9-68.6 15 
Lard ° 5 5 0.920 57.4 15 
Lavender ‘ 5 ; 0.877 54-7 16 
Lemon , 5 0.844 BON, 16 
Linseed (boiled) . 5 . 0.942 58.8 15 
Neat’s foot. 5 : 2 0.913-.917 57.0-57-2 - 
Olive . . ° ° 0.918 S78) 15 
Palm . : 6 : 0.905 56.5 Is 
Pentane . - 0.650 40.6 (0) 
G : ; A < 0.623 38.9 25 
Peppermint c 6 J 0.90—.92 56-57 25 
Petroleum . és ; : 0.878 54.8 (e) 
er ; c 4 0.795-0.805 49.6-50.2 15 
Pine . 6 A A 0.850-0.860 53-0-54.0 15 
Poppy . . . . 0.924 57.7 - 
Rapeseed (crude) 5 e . 0.915 57.1 I5 
(refined) 3 5 5 0.913 57.0 I5 
Resin . : 5 F 4 0.955 59.6 15 
Sperm ; 5 A 0.88 55. 25 
Soya-bean . : 0.919 cue 30 
o eee ; ve 0.906 56.5 go 
Train or Whale. A . 3 0.918-0.925 57-3-57-7 15 
Turpentine. é F : 0.873 54.2 16 
Valerian 6 b 5 0.965 60.2 16 
Wintergreen ; é 4 TTS 74. 2 
Pyroligneous acid r : 0.800 49.9 0) 
Water . ; 1.000 62.4 4 


SMITHSONIAN TABLES. 


118 ! Taste 104. : F 
DENSITY OF PURE WATER FREE FROM AIR. 0° TO 41° GC, 


[Under standard pressure (76 cm), at every tenth part of a degree of the international hydrogen scale from 0° to 4r° 
C, in grams per milliliter 1] 


De- Tenths of Degrees. 


Mean 

| grees Diifer- 

Centi- ences. 
grade. (0) 1 2 3 4 5 6 7 8 9 


0.999 8681 | 8747 | 8812] 8875} 80936| 8996] 9053} 9109] 9163] 9216 == 
9267 | 9315 | 9363) 9408] 9452] 9494] 9534] 9573] 9610) 9645) TF 
9679} 9711] 9741 | 9769] 9796| 9821 | 9844] 9866| 9887 | 9905] +1 
9922 | 9937 | 9951] 9962) 9973] 9981 9988] 9994 9998 | *0000 | -- 

1.000 0000 | #9999 | *9996 | *9992 | *9986 | *9979 | *9970 | *9Q60 | *9947 | *9934 | — 


9682 | 9650) 9617) 9582] 9545] 9507] 9463 | 9427] 9385| 9341 | — 39 
9296 | 9249) 9201] 9151 | g100| 9048) 8994] 8938] 8381 | 8823) — 53 


[e) 
I 
2 
3 
4 
P 9.999 9919 | 9902} 9884] 9864] 9842] 9819| 9795} 9769} 9742| 9713| — 24 
7 
8 8764 | 8703| 8641] 8577| 8512| 8445] 8377| 8308] 8237] 8165 | — 67 


ee Sogn} BOT 71 7940 f 7803 17784 | 7704)" 7022). 7530) FASS 7 aCd Vee 81 
| 
10 7282| 7194] 7105| 7014| 6921] 6826] 6729] 6632] 6533] 6432] — 95 
II 6331 | 6228] 6124] 6020] 5913] 5805] 5696] 5586] 5474} 5362] —105 
12 5248] 5132| 5016] 4898) 4780! 4660| 4538| 4415| 4291 | 4166) —12I 
j 13 4040} 3912] 3784| 3654) 3523] 3301 | 3257] 3122) 2986] 2850) —133 |f 
| 14 2712) 2572-2431 | 2289] 2147| 2003| 1858] I71I-| 1564) 1416] —145 
ens 1266 | 1114] 0962| 0809; 0655] 0499] 0343] 0185] 0026 | *9865 | —156 
| 16 | 0.998 9705} 9542] 9378| 9214, 9048} 8881 | 8713] 8544] 8373] 8202 | —168 
PET, 8029] 7856] 7681] 7505} 7328] 7150| 6971| 6791| 6610] 6427 | —178 
| 18 6244 | 6058 | 5873} 5686; 5498) 5309] 5119} 4927] 4735| 4541 | —190 
| 19 4347 | 4152] 3955] 3757} 3558| 3358| 3158] 2955) 2752| 2549] —200 
! 
| 20 2343 | 2137 | 1930| 1722] 1511 1301 | 1090} 0878] 0663| 0449 | —2I1 
| aI 0233 | 0016 | *9799 | *9580 | *9359 | *9139 | #8917 | *8694 | #8470 | *S8245 | —221 
| 22 | 0.997 8019} 7792] 7564] 7335) 7104) 6873] 6641 | 6408| 6173] 5938 | —232 
23 $702 | 5466| 5227 | 4988! 4747 | 4506| 4264) 4021 | 3777| 3531 | —242 
| 24 3286 | 3039] 2790] 2541 | 2291}; 2040] 1788] 1535] 1280] 1026| —252 
25 0770] O513| 0255 | *9997 | *9736 | *9476 | *g214 | *8q51 | *8688 | *8423 | —261 
| 20 | 0.996 8158] 7892] 7624) 735 7087 | 6817] 6545 te 6000 6726 —271 
lee? 5451 | 5176] 4898] 4620; 4342| 4062] 3782] 3500| 3218 | ‘2935 | —280 
| 28 2652 | 2366] 2080] 1793) 1505| 1217] 0928] 0637| 0346] 0053] —289 
) 0.995 9761 | 9466| 9171} 8876] 8579| 8282| 7983) 7684| 7383] 7083 | —298 
30 6780 | 6478) 6174) 5869 | 5564] 5258} 4950| 4642| 4334] 4024 | —307 
| 31 3714 | 3401 | 3089] 2776) 2462] 2147| 1832| 1515! 1198] o880| —315 
| 32 O561 | 0241 | *9920 | *Q599 | *9276 | *8954 | *8630 | *8304 | *7979 | *7653 | —32. 
| 33 | 0-994 7325 | 6997 | 6668.) 6338 | 6007! 5676| 5345] sorr| 4678| 4343 | —332 
34 4007 | 3671 | 3335} 2997 | 2659 2318) 1978| 1638} 1296| 0953} —340 
35 0610 | 0267 | *g922 | *9576 | *9230 | *8883 | *8534 | *8186 | #7837 | #7486 | — | 
36 | 0.993 7136| 6784 6432 | 6078] 5725) 5369) so14| 4658 pat bois mice: 
| Se 3585 | 3220] 2866] 2505 2144| 1782] 1419] 1055| o691| 0326 | —362 
38 | 0.992 9960 9593 | 922 8859 | 8490) 8120] 7751| 7380] 7008| 6636 —370 
| 39 263} 5890} 5516) 5140| 4765| 4389] 4o1i| 3634| 3255| 2876 | —377 
40 2497 | 2116] 1734] 1352] 0971 | 0587] 0203 | *9818 | #9433 | *9047 —384 


41 | 0.991 8661 


1 According to P. Chappuis, Bureau international des Poids et Mesures, Travaux et Mémoires, 13; 1907 
; é 
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Taste 105. . 11g 


VOLUME IN CUBIC CENTIMETERS AT VARIOUS TEMPERATURES OF A 


CUBIC CENTIMETER OF WATER FREE FROM AIR AT THE 
TEMPERATURE OF MAXIMUM DENSITY. O° TO 40° CG, 


Hydrogen Thermometer Scale. 


1.0001 32 
073 
032 
008 


287 
471 
667 


874 
ogi* 
1.002203 z 319 
430 556 
679 804. 


Nb NNH ND 


32 o61* 
1.003195 330 
467 | 607 
749 6 893 
1.004041 189 


Nb WNN 


see : 494 
651 $08 
968 F 132% 
1.005296 3 301 401 
631 698 $02 


975 o44* * | * | 150% 


Reciprocals of the preceding table. 
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TaBLe 106. 


DENSITY AND VOLUME OF WATER. 
—10° TO +250° C. 
The mass of one cubic centimeter at 4° C. is taken as unity. 


Density. Volume. |} .C.| Density. Volume. | 


1.00186 0.99406 1.00598 
157 371 633 
131 330 669 
108 3e0 706 
088 263 743 


120 


0.99930 1.00070 0.99225 1.00782 
945 055 187 $21 
958 042 147 861 
970 O31 107 gol 
979 o21 066 943 


0.99987 1.00013 0.99025 1.0098 5 
993 007 0.98982 1.01028 
997 Oo3} 940 072 
999 ool 896 116 
1.00000 1.00000 852 162 


0.99999 1.0000! 0.98807 1.01207 
997 003 762 254 
993 CO 715 301 
983 O12 669 349 
981 O19 621 398 


HO OON aD pwns 


0.99973 1.00027 

6 037 
048 
060 
073 


H 


0.99913 1.00087 

807 103 
120 
138 
U7) 


0.99823 1.00177 
802 198 
780 220 
757 244 
733 268 


0.99708 1.00293 
082 8973 
655 347 || 18 .8866 
627 | 
598 


0.99 568 
Do/, 
506 
473 
440 


* From — 10° to o° the values are due to means from Pierre, Weidner, and 
Rosetti; from 0° to 41°, to Chappuis, 42° to 100°, to Thiesen; 110° to 250°, to 
250°, 
means from the works of Ramsey, Young, Waterston, and Hirn. 
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Density or mass in grams per cubic centimeter, and the volume 


TABLE 107. 


DENSITY OF MERCURY 


in cubic centimeters of one gram of mercury. 


Mass in Volume of Massin Volume of 
Temp. C.| grams per I gram in Temp. C| grams per I gram in 
cu. cm. cu. cms. cu. cm. cu. cms. 
—10° | 13.6198 | 0.0734225 30°} 13.5213 | 0.0739572 
ao 6173 4358 Gh 5189 9705 
—8 6148 4402 32 5164 9839 
—7 6124 4626 33 5140 9973 
—6 6099 4759 34 5116 40107 
—5 13.6074 | 0.0734893 35 | 13.5091 | 0.0740241 
—4 6050 5026 36 5066 0374 
—3 6025 5160 37 5042 0508 
—2 6000 5293 38 5018 0642 
—t 5976 5427 39 4994 0776 
—O | 13.5951 | 0.0735560 40 | 13.4969 | 0.0740910 
I 5926 5694 50 4725 2250 
2 5001 5828 60 4482 3592 
3 5877 5961 70 4240 4936 
4 5852 6095 80 39008 6282 
5 13.5827 | 0.0736228 90 | 13.3723 | 0.0747631 
6 5803 6362 100 3515 8981 
7) 5778 6406 110 3279 50305 
8 5754 6629 120 3040 1653 
(e) 5720 6763 130 2801 3002 
10 13.5704 | 0.0736893 140 | 13.2563 | 0.0754754 
II 5680 7030 150 2326 5708 
12 5655 710A 160 2090 7004 
13 5030 720908 170 1853 8422 
14 5606 7431 180 1617 9784 
15 13-5581 | 0.07375605 190 | 13.1381 | 0.0761149 
16 5557 7609 200 1145 2516 
17 5532 7832 210 0910 3886 
18 5507 7966 220 0677 5260 
19 5483 8100 230 0440 6637 
20 13.5458 | 0.0738233 240 | 13.0206 | 0.0768017 
21 5434 8367 250 | 12.9972 9402 
22 5409 8501 260 9738 7090 
23 5385 8635 270 9504 2182 
24 5360 8768 280 9270 3579 
25 13.5336 | 0.0738902 290 | 12.9036 | 0.0774979 
26 5311 9036 300 8803 6385 
27 5287 9170 310 8569 7795 
28 5262 9304 320 8336 9210 
20 5238 9437 330 8102 80630 
30 13.5213 | 0.0739571 340 | 12.7869 | 0.0782054 
350 7635 3485 
360 7402 4921 


Based upon Thiesen und Scheel, Tatigkeitber. Phys.-Techn. Reichsanstalt, 
j Scheel, Sell; 


1895, and 1 liter 


1897-1898; 


Chappuis, 


=1,000027 cu. dm. 


Trav. Bur. 
Wiss. Abh. Phys.-Techn. 
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13, 1903. 
Reichsanstalt 2, 


184, 


Thiesen, 


121 


122 TABLE 108, 
DENSITY OF AQUEOUS SOLUTIONS.* 


The following table gives the density of solutions of various salts in water. The numbers give the weight in 
grams per cubic centimeter. For brevity the substance is indicated by formula only. 


Weight of the dissolved substance in 100 parts by weight of 
the solution. 
Substance. 


K,0 . 
KOH 
Na gO 
INFONGI Gok ‘ P = ; 
INJEIR A o. n A KOH : ; : : ' - - | Gra niiey 


INOSTACHS) Ss Gilhis j : A 5 . | Gerlach, 
IGM o 

INAICH 
ee he 
CaCle 


coer ae A A . : A ; 3 226 Ts . | Schiff. 
JKC a 5 : j ; : : P 3 . | Gerlach. 


MgCle . ; - P : - 
MECl+OH:O , 1OB2iiTe : ; . : Ts  tSchaitt 
TaN. on 6 ; 3 3 i : ; ; De .5| Kremers. 


CdCl aerate : : é F : : : 3 : 
SrClos anes 5 .092 | I. A 3 P - . | Gerlach. 
SrCle + 6H20 . . . : . es 

Ba Gloweecmns j : : -205| TI. - E “ 
BaCle + 2H,0 03 -075) I. . . 5 1 . Schiff. 


f Ree Sees TcOA aa iste é : i : : .5| Franz. 

RCI ey cy) NNieyERed) fit . . : : “se 
Hel eee lil. 1092] - - . | Mendelejeff. 
FeoCle 2 - s Hager. 
PiGlas Precht. 


SnCle-+ 2H20 
SnCly+ 5H20 
Libre : 
KBr. 

Nabr 


Gerlach. 


“ 


Kremers. 
“ 


NvoowN@ [volas} 
Bin Nn mb 


bh Hu 


MgBre 
ZuBre 


Cus 1 


tb Nm N wb 


ie) 


bw OO ee: lor 


bh bbb 


oon tb OO 
el en tee bd 


OHSGBGD OPOVN 
tr tunitn Ot 


tn Go 


bbbLNW 

CON 
Cy Ca Ca G2 Go 
tO Ot 
mintntiint 


ios) 


bo ERS RES. 


ie) 
bon 


\o 
ees) 
MIG 


bu 


NaBrOg. 

KNOg3 

i NaNOg ° 
AgNO; . 


tnt 


Gerlach. 
Schiff. 
Kohlrausch. 


ho 


| 
I 
He ee 


yr OMOO 


Noe 


in © 
fo) 


(a) rs) 
N ty 
ty N 


} 
| 
| 


* Compiled from two papers on the subject by Gerlach in the “‘ Zeit. fiir Anal. Chim.,” vols. $ and 27. 
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: TABLE 108 (continued). 12 2 
DENSITY OF ‘AQUEOUS SOLUTIONS. 


Weight of the dissolved substance in 100 o parts by weight of 


the solution. S) ; 
Substance. a Authority. 
5 10 15 20 25 30 40 50 60 a 
NHgNOg . . «| 1.020] 1.041 | 1.063] 1.085] 1.107 | 1.131 | 1.178 | 1.229| 1.282|17.5| Gerlach. 
Zn(NOg)2 . . 1.048 | 1.095 | 1.146] 1.201 | 1.263] 1.325] 1.456|1.597| — |17.5| Franz. 
Zn(NOs)2+6H30 = 0-054). = rangi! = 1.078 1.250) 1.329) = 14. |\Oudemans, 
Ca(NOs)2 « | 1.037 | 1.075] 1.118] 1.162] 1.211 | 1.260 | 1.367 | 1.482 | 1.604] 17.5] Gerlach. 
Cu(NOs)a + + «| 1.044} 1.093] 1.143] 1.203] 1.2603] 1.328]1.471]| — — | 17.5) Franz. 
Sr(NOs)g . . «| 1.039] 1.083] 1.129]1.179] — - - - — |19.5| Kremers. 
Pb(NOs)g . . «| 1.043] 1.091 | 1.143] 1.199] 1.262} 1.332] — - - |17.5| Gerlach. 
Cd(NOs)2 . . «| 1.052] 1.097 | 1.150] 1.212] 1.283] 1.355] 1.536/1-759| - |17-5| Franz. 
Co(NOs)z2 . « «| 1.045] 1.090] 1.137 | 1.192 | 1.252] 1.318|1.465| — Sayles 0 
Ni(NOs)2 . « «| 1.045] 1.090] 1.137] 1.192] 1.252] 1.318] 1.465| - SEs 7015 ence 
Feg(NOs)e -_- «| 1.039] 1.076] 1.117] 1.160] 1.210] 1.261 | 1.373] 1-496] 1.657|17.5| “  ° 
Mg(NO3)2+-6H20 | 1.018 | 1.038 | 1.060] 1.082] 1.105] 1.129] 1.179|1.232| — |21 | Schiff. 
Mn(NOg arp OR 1.025 | 1.052] 1.079] 1.108 | 1.138 | 1.169] 1.235 | 1.307] 1.386} 8 | Oudemans. 
KeC Ogi, & 1.044 | 1.092] 1.141] 1,192] 1.245] 1.300|1.417|1.543] -— j15 | Gerlach. 
Ke@Ope 2.0". 1.037 | 1.072] 1.110] 1.150] 1.191 | 1.233] 1-320] 1.415] 1.511} 15 s 
NayCOs310H20_ . | 1.019} 1.038} 1.057} 1.077] 1.098] 1.118]  — = - /|15. ee 
(NHa4)eSO4 =... | 1.027] 1.055] 1.084 I.113| 1.142] 1.170] 1.226]1.287]/ — |19. | Schiff. 
Feg(SO4)g . . «| 1.045] 1.096| 1.150] 1.207 | 1.270] 1.336] 1-489] — — |18. | Hager. 
FeSO4 +7020 «| 1.025} 1.053] 1.081] r.r11| 1-141] 1:173| 1.238] — — |17.2| Schiff. 
MgSO, . . . .|1.051| 1.104) 1.161] 1.221 |1-284| — - - — |15 | Gerlach. 
MgSO + 720 . | 1.025} 1.050] 1.075] 1.101 | 1-129] 1.155|1.215/1.278| — | 15. 
NagSo4 + 10H20O | 1.019] 1.039] 1.059| 1.081 | 1.102] 1.124] — - - |ISs. a 
CuSO4 + 5H2O . | 1.031 | 1.064] 1.098 | 1.134] 1.173] 1-213] — - — |18. | Schiff. 
MnSO4-+ 4H0O . | 1.031 | 1.064 | 1.099] 1.135] 1-174] 1.214] 1-303|1-398] - |15. | Gerlach. 
ZnSO4+ 7H2O0° . | 1.027] 1.057 | 1.089] 1.122] 1.156] 1.191 | 1.269] 1.351 | 1.443] 20.5] Schiff. 
Feo(SO)s3+KeSO4 
+24H2O. . .|1.026|1.045|1.066/ 7.088] 1.112]1.t4r} — - = |17.5| Franz. 
Cro(SO)s+K2SO4 
+ 24H2O ._ . | 1.016} 1.033] 1.051 | 1.073 | 1.099] 1.126] 1.188 | 1.287 | 1.454] 17.5 « 
MgSO4-+ K2SO4 
+6H20 . . ./ 1-032] 1.066] 1.101]1.138} —- = = - = |Lieh || cexelavsde, 
(NH4)2504 + 
FeSO4 + 6H20 | 1.028} 1.058 | 1.090] 1.122] 1.154]1.191| — - — | 19. g 
KG Cr Op ey aif l-039)| 1.062), 1.12 1.225|1.279/1.397| — — |19.5 I 
KeCrO7n a. 1) o- |'1.035 (2.071 1.103.— = - - - — |19.5| Kremers. 
Fe(Cy)gK4 . . .| 1.028} 1.059] 1.092] I. ~ - - - — |15- | Schiff. 
Fe(Cy)eKg . - .|1-025| 1.053] 1-070] 1.11 - = = - - |13 
Pb(CeH302)2 + | 
BEIbOm |. 1.031 | 1.064 | 1.100] 1.137 | 1.177 | 1-220|1.315|1.426] — |15. | Gerlach. 
2NaOH + AsoO5 | ; : 
+ 24H20 . ./1.020/ 1.042) 1.066] 1.089] 1.114] 1.140]1.194|; — —S ide ochitt. 
5 10 15 20 30 4° 60 80 Ico 
| | 
SOg . . . . .|1.040/ 1.084] 1.132] 1.179] 1.277] 1.389] 1.564) 1.840] — |15. | Brineau. 
SOseee ate) 2-003) 026 | TOA 1. 063)| = =" | = =| ody | Ochith: 
NeOg. - . « .|1-033)| 1.060) 1.104 | 1.140 ||1.217|| 1-204) 1.422) 1.506) — |15. | Kolb. 
C7HgOg). 1s) «| 1-O21)| 1-047 | 1.070)|1:096) 1.1150)| 1-207) > — - - |1s. | Gerlach. 
CgHgO7. . . -| 1.018] 1.038] 1.058] 1.079] 1.123|1-170/1.273| — aeilas “ 
Cane sugar. . .| 1-019] 1.039| 1.060} 1.082] 1.129 1.178|1.289| —- — |17.5| “ 
Clee lee oes, |(5,025)|, 1.050 1.075 |r. TOL) 1-1 5 'l-200)}\ a — ~ — |15. | Kolb. 
EUS ee meee) O35) MeO7ai) Ten N45 O))) 0.25 7al\@ea iO) ms - — |14. | Topsoe. 
Heil Geen ener .097)\(L-O771| 1elTO| 0. LOS 6t.27 100A CO} i - = ns i 
HeSO, . . « «| 1.032] 1.069] 1.106] 1.145 | 1.223 | 1-307 | 1.501 | 1.732| 1.838] 15. | Kolb. 
Ela SU Gunde d (L040 '1-OO2s nh 27 3) 1.07 Aub 27 31a ~ ~ — |17.5| Stolba. 
PAD 6 . | 1-035] 1.077 | 1.119] 1.167 | 1.271 | 1.385|1.676| — — |17.5| Hager. 
P:O5 + 3120 . . | 1.027 | 1.057 | 1.086 1.119] ».188} 1-264] 1.438| — =) 6. | ochitt. 
ELNO Se. . | 1.028 | 1.056] 1.088 | 1.119] 1.184] 1-250] 1.373) 1.459|1.528|15. | Kolb. 
1] CoH4Og . . . «| 17.007] 1.014] 1.021 | 1.028 | 1.041 | 1.052 | 1.068] 1.075] 1.055/15. | Oudemans. 
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DENSITIES OF MIXTURES OF ETHYL ALCOHOL AND WATER IN. GRAMS 
PER MILLILITER. 
The densities in this table are numerically the same as specific gravities at the various temperatures in terms of water 


at 4° C, as unity. Based upon work done at U. S. Bureau of Standards. See Bulletin Bur. Stds. vol. 9, no. 3; con- 
tains extensive bibliography ; also Circular 19, 1913. 


Temperatures. 
Per cent x 
G,H;O0H 


by weight 76°C: 15° C, 20°C. 25°C. 2 40° C. 


———, 


0.99913 0.99823 0.99708 ; 0.99225 
725 1 (obexe) 520 
336 
157 
98984 


817 


NNHNbH 


bb NHN 


93882 
682 
478 


92807 
685 


-90805 


580 
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TABLE 109 (continued). 
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DENSITY OF MIXTURES OF ETHYL ALCOHOL AND WATER IN GRAMS 
PER MILLILITER. 


SMITHSONIAN TABLES. 


Percent ‘Temperature. 
C,H;OH 
% weight 10° C 15°C 20° C, 25° C, 30° C 35° C. 40° C 
y 350 0.92162 0.91776 0.91 384. 0.90985 0.90580 0.90168 0.897 50 
a 91943 555 160 760 353 89940 519 
2 72 333 90936 534 125 710 288 
53 502 IIO 711 307 89896 479 056 
54 279 90885 485 079 667 248 88823 
55 055 659 258 89850 437 o16 589 
5 .908 31 433 O31 621 206 88784 350 
57 607 207 89803 392 88975 552 122 
58 381 89980 574 162 744 319 87888 
59 154 752 344 88931 512 085 653 
60 .89927 523 113 699 278 87851 417 
61 698 293 88882 466 044 615 180 
62 468 062 650 233 87809 379 $6943 
63 237 83830 417 87998 574 142 795 
64 006 597 183 763 337 86905 466 
65 88774 364 87948 52 100 667 22 
66 541 130 713 291 86863 429 85987 
67 308 87895 477 054 62 190 747 
68 074 660 241 86817 387 85950 507 
| 69 87839 42 004 579 148 710 266 
70 602 187 86766 340 85908 470 025 
71 365 86949 27 100 667 228 84783 
72 12 710 287 $5859 426 84986 540 
Pe 86888 470 047 618 184 743 207 
74 648 Bea 85806 376 84941 500 053 
ees 408 85988 564 134 698 257 83809 
be Af 168 747 22 84891 455 013 564 
ne 85927 505 079 647 211 83768 319 
78 685 262 84835 403 83966 523 074 
79 442 o18 590 158 720 277 82827 
80 197 84772 344 83911 473 029 578 
| 81 .84950 525 096 664 224 82780 32 
$2 702 277 83848 "415 82974 530 07 
83 453 028 599 164 72 279 $1828 
84 203 83777 348 82913 473 027 576 
85 83951 525 095 660 220 81774 222m 
| 86 697 271 82840 405 81965 519 067 
87 441 O14 583 148 708 262 So811 
88 181 82754 323 81588 448 003 552 
89 82919 492 062 626 186 80742 201 
go 654 227 81797 362 80922 478 028 
OI 386 81959 ise 004 655 211 79761 
2 I14 6388 2 80823 394 79941 401 
bee 81839 413 80953 549 III 669 220 
| (94 561 134 705 272 79835 393 78947 
We £95 278 80852 42 -79991 555 114 670 
I 06 SOggI 566 138 700 271 78831 388 
97 698 274 79846 415 78931 542 TOO 
; 698 399 79975 547 117 684 247 77806 
| 9 094 670 243 -78814 382 77946 507 
| 100 79784 360 78934 506 075 641 203 
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DENSITIES OF AQUEOUS MIXTURES OF METHYL ALCOHOL, 
CANE SUGAR, OR SULPHURIC ACID. 


ah 


Methyl Sulphuric Methyl Sulphuric 
ey ecant Alcohol. re Acid. pte Alcohol. a Acid. 
f I E 20" 4 of Sure 2Ocn 
ete D ms (Bre 20° D 7.) (Ch substance. D 4° (Ge 20° D v7) (OP 
° 0.99913 0.998234 0.99823 50 0.91852 1.229567 1.39505 
I .997 27 1.002120 1.00506 SI 91653 1.235085 1.40487 
2 99543 1.00601 5 1.01178 52 -QT451 1.240641 1.41481 
3 99379 1.009934 1.01839 53 .91248 1.246234 1.42487 
4 99198 1.01 3881 1.02500 54 «91044 1.251866 1.43503 
5 99029 1.017854 1.03168 55 -908 39 1.257535 1.44530 
6 98864. 1.021855 1.03843 560 -| .90631 1.263243 1.45508 
7 .98701 1.025885 1.0452 57 90421 1.268989 1.46015 ~ 
8 98547 1.029942 1.05216" 58 90210 1.274774 1.47673 
9 98394 1.034029 1.05909 59 .89996 1.280595 1.48740 
10 98241 1.038143 1.06609 60 89781 1.286456 1.49818 | 
II .98093 1.042288 1.07314 61 89563 1.292354 1.50904 
12 97945 1.046462 1.08026 62 89341 1.298291 1.51999 | 
13 .97802 1.050065 1.08744 63 S8Q117 1.304267 1.53102 
14 .97660 1.054900 1.09468 64 88890 1.310282 1.54213 | 
I5 .97 518 T.059165 1.10199 65 .88662 1.316334 1.553330 
16 97377 1.063460 1.10936 66 88433 1.322425 1.56460 | 
17 97237 1.067789 1.11679 67 88203 1.325554 MASE — | 
18 97096 1.072147 1.12428 68 87971 1.334722 1.58739 | 
19 .96955 1.076537 1.13183 69 87739 1.340928 1.59890 
20 96814 1.080959 1.13943 70 .87 507 1.347174 1.61048 | 
21 .9667 3 1.085414 1.14709 71 87271 1.353450 1.62213 | 
22 .96533 1.089900 1.15480 72 87033 1.359778 1.63384 
23 96392 1.094420 1.16258 73 86792 1.366139 1.64560 
22 96251 1.098971 1.17041 74 86546 1.372530 1.65738 
25 96108 1.103557 1.17830 75 .86300 1.378971 1.66917 
26 95963 T.108175 1.1862: 76 86051 1.385446 1.68095 
27 95817 1.112828 1.19423 77 85801 1.391956 1.69268 | 
28 95668 1.117512 1.2022 78 85551 1.398505 1.70433 | 
29 95518 1.122231 1.21036 79 85300 1.405091 1.71585 | 
30 95306 1.126984 1.21850 | So 85048 1.411715 Eye7 We 
31 95213 GANA 1.22609 81 84794 1.418374 1.73827 
32 95050 1.130596 1.23492 82 84536 1.425072 1.74904 | 
33 .94896 1.141453 1.24320 83 84274 1.431807 1.75943 | 
34 94734 | 1.146345 | 1.25154 84 84009 | 1.438579 | 1.76932 | 
35 94570 | I.151275 | 1.25992 85 83742 | 1.445388 | 1.77860 
36 94404. 1.156238 1.26836 86 . 83475 1.452232 1.78721 
37 .904237 1.161236 1.27685 87 83207 1.459114 1.79509 
38 .94067 1,166269 1.28543 88 82937 1.466032 1.80223 
30 93894 1.171340 1.29407 89 $2667 1.472986 1.80864 
40 93720 |. 1.176447 | 1.30278 90 82396 | 1.479976 | 1.81438 
4I 93543 1.181592 1.31157 gl 8212 1.487002 | 1.81950 
2 93365 1.186773 1.32043 2 $1849 1.494063 1.82401 
43 93185 1.191993 1.3293 93 $1568 1.501158 1.82790 
44 .93001 1.197247 1.33843 94 $1285 1.508289 1.83115 
45 92815 | 1.202540 | 1.34759 95 ‘80999 | 1.5154 1.83368 
46 .92627 1.207870 1.35056 96 80713 riaeere I 83548 
47 92436 | 1.213238 1.30625 97 80428 1.529891 1.83637 
48 .92242 1.218643 137 57d 98 80143 1.537161 1.83605 
49 .g2048 1.224080 1.38533 99 79859 1.544462 
50 91852 1.229567 1.39505 100 79577 1.551800 


(1) Calculated from the specific gravity determinations of Doroschevski and Rozhdestvenski at 
152/05. C23) J. RUSS.) Phys. Chem socn diy pe Ovy.sloOoo 
(2) According to Dr. F. Plato; Wiss. Abh. der K. Normal-Eichungs-Kommission, 2 p- 153, 1900 
(3) Calculated from Dr. Domke’s table; Wiss. Abh. der K. Normal-Eichungs-Kommission, 
5, Pp» 131, 1900. 
All reprinted from Circular 19, U.S. Bureau of Standards, 1913. 
SMITHSONIAN TABLES. 


TABLE 111. 
DENSITY OF GASES 


The following table gives the density as the weight in grams of a liter (normal liter) of the gas 
at o° C, 76 cm pressure and standard gravity (sea-level, 45° latitude), the specific gravity referred 
to dry, carbon-dioxide-free air and to pure oxygen, and the weight in pounds per cubic foot. Dry, 
carbon-dioxide-free air is of remarkably uniform density; Guye, Kovacs and Wourtzel found maxi- 
mum variations in the density of only 7 to 8 parts in 10,000. For highest accuracy pure oxygen 
should be used as the standard gas for specific gravities. Observed densities are Closely propor- 
tional to the molecular weights. 
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Weight of Specific gravity. 
Oral aa | eee nee eee | Poundsiper, 
liter in cubic foot. 


| Rioetrete eA 


* Ethylene 
Fluorine 


H 


WwWoOnNTOOUNWO OWA ANNA 


Hydrobromic acid 
Hydrochloric acid 
Hydrofluoric acid 
Hydrogen 

Hydrogen sulphide..... 


Methyl chloride 
Methyl] ether 


eH He 


Nitrogen 
Nitric oxide 
Nitrous oxide 


Propane 
Steam atitoo; C:.....-| 
Sulphur dioxide 


PnNOHHHOODOOHHONHOOHNOHOOHOONOHHNHOOO 
RIND NSO} 0PM CHC) CY) CPO) SES IL LD OO ODMMN OOO. ©O OO’ 


References: (1) Guye, Kovacs, Wourtzel, Jour. chim. phys., 10, p. 332, 1912; 
(2) Stahrfoss, Arch. Sc. phys. et nat., IV, 28, p. 384, 1909; (3) Guye, Jour. chim. 
phys., 5, p. 203, 1907 (contains review of best determinations and indicates most proba- 
ble values); (4) Computed; (5) Baume and Perrot, Jour. chim. phys., 7, p. 369, 1909; 
(6) Moissan, C. R., 138, 1904; (7) Watson, Jour. Chem. Soc., 97, p. 833, 1910; (8) 
Thorpe, Hambley, Jour. Chem. Soc., 53, p. 765, 1888; (9) Morley, Smithsonian Con- 
tributions to Knowledge, 1895; (10) Baume, Jour. chim. phys., 6, p. 1, 1908; (11) Ger- 
mann, Jour. of Phys. Chem., 19, p. 437, 1915; (12) Timmermans, C. R., 158, p. 780, 
1914; (13) Peabody’s Steam Tables, 1909; (14) Taylor, Phys. Rev., 10, p. 653, 1917. 
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TABLE 112. 
VOLUME OF CASES. 


Values of 1 + .00367 ¢. 


The quantity 1 + .00367 ¢ gives for a gas the volume at 2° when the pressure is kept 
constant, or the pressure at 2° when the volume is kept constant, in terms of the 
volume or the pressure at 0°. 


(a) This part of the table gives the values of 1-++.00367¢ for values of ¢ between 0° 
and 10° C. by tenths of a degree. , 

(b) This part gives the values of 1-+.00367¢ for values of ¢ between — go° and + 1990° 
C. by 10° steps. 

These two parts serve to give any intermediate value to one tenth of a degree by a sim- 
ple computation as follows :— In the (4) table find the number corresponding to 
the nearest lower temperature, and to this number add the decimal part of the 
number in the (a) table which corresponds to the difference between the nearest 
temperature in the (4) table and the actual temperature. For example, let the 
temperature be 682°.2: 


We have for 680 in table (4) the number . é 5 + 3.49560 
And for 2.2 in table (2) the decimal . : 4 : - _+00807 
Hence the number for 682.2is. —. 5 on. BRC 


¢) This part gives the logarithms of 1-++.00367¢ for values of ¢ between — 49° and 
P ES g' 7. 
+ 399° C. by degrees. 
(d) This part gives the logarithms of 1+ .00367 7 for values of ¢ between 400° and 1990? 
P 397 
C. by 10° steps. 


(a) Values of 1+ .00367¢ for Values of t between O° and 10° C. by Tenths 
of a Degree. 


0.0 0.1 0.2 0.3 0.4 


1.00000 1.00037 1.00073 I.001IO I.00147 | 
.00367 .00404 .00440 -00477 00514 
.007 34 100771 .00807 .00844 00881 
-OLIOI .O1138 -OLI74 .O12I1 01248 
01468 01505 O1541 01578 O1615 


| 


1.01835 1.01872 01908 T.01945 1.01982 
02202 .02239 .02275 .02312 .02349 
02509 .02606 02642 102079 02716 
02936 .02973 .03009 .03046 .03083 
-03303 -03340 -03376 -03413 -03450 


Oo ON AA pond 


0.5 0.6 0.7 0.8 0.9 


1.00220 1.00257 1.00294 
00587 00624 .00661 
-009 54 .0099I 01028 
01321 01358 01395 
.01088 01725 01762 


1.02055 .02092 1.02129 
.02422 02459 .02496 
.02789 02826 .02863 
03150 03193 03290 
03523 03560 -03597 


WOON AD fHONnHO 
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TABLE 112. (continued). 129 
VOLUME OF GASES. 


(b) Values of 1+ .003677¢ for Values of ¢ between —90° and + 1990° GC. by 
10° Steps. 


00 10 20 30 40 


1.00000 0.96330 0.92660 0.88990 0.85320 


1.00000 1.03070 1.07340 1.11010 1.14680 
1.36700 1.40370 1.44040 1.47710 1.51380 
1.73400 1.77070 1.80740 1.84410 1.58080 
2.10100 2.13770 2.17440 2.21110 2.24780 
2.40800 2.50470 2.54140 2.57810 2.61480 


2.83500 2.87170 2.90840 2.94510 2.98180 
3.20200 3.23870 3.27540 3.31210 3.34880 
3.56900 3.60570 3.64240 3.67910 3-71 580 
3-93000 3.97270 4.00940 4.04610 4.08280 
4.30300 | 4.33970 | 4.37640 | 4.41310 | 4.44980 


4.67000 4.70670 4.74340 4.78010 4.81680 
5-03700 5.07370 5.11040 5.14710 5.18380 
5.40400 | 5.44070 | 5.47740 | §.51410 | 5.55080 
5-77 100 5.80770 5.84440 5.38110 5.91780 
6.13800 6.17470 6.21140 6.24810 6.28480 


6.50500 6.54170 6.57840 6.61510 6.65180 
6.87200 6.90870 6.94540 6.98210 7.01880 
7-23900 | 7.27570 | 7.31240 | 7.34910 | 7.38580 
7.60600 7.64270 7.07940 7.71610 7.75280 
7-97 300 8.00970 8.04640 8.08310 8.11980 


8.34000 8.37670 8.41340 8.45010 8.48680 


50 60 70 80 90 


0.74310 0.70640 0.66970 


1.25690 1.29360 1.33030 
1.62390 1.66060 1.69730 
1.99090 5 2.00430 
2.38790 ° : 2.43130 
2.72490 2 2.79830 


bdo wY DN 
OROSONORS) 


3.09190 16530 
3.45890 -53230 
3-82590 : 89930 
4.19290 .26630 
4-55990 -63330 


4.92690 é 5.00030 
5.25720 | §.29390 5.36730 
5-62420 5.66090 : 5-73430 
5-99120 6.02790 E 6.10130 
6.35820 6.39490 : 6.46830 


6.72520 6.76190 : 6.83530 
7.09220 7.12890 ; 7.20230 
7-45920 | 7-49590 . 7-56930 
7.82620 7.86290 ; 7.93030 
8.19320 8.22990 3 8.30330 


8.56020 8.59690 d 8.67030 
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130 TABLE 112 (continued). 
; VOLUME OF 
* (c) Logarithms of 1 + .00367 ¢ for Values 
Mean diff. 
t 0 al 2 3 4. oer dearer, 

— 40 T Q31051 1.929179 1.927299 1.925410 1.923513 1884 
=e) 949341 -947 546 945744 943934 942117 1805 
—20 .966892 -965169 1963438 -901701 -959957 1733 
—I10 983762 982104 -980440 .978769 -977092 1667 
—o 0.000000 -998403 .996801 995192 993577 1605 
+0 0.000000 0.001591 0.003176 0.004755 0.006329 1582 
Ife) .01 5053 .017188 .O18717 020241 021760 1526 
20 .030762 032244 0337 21 035193 .030661 1474 
30 045362 .046796 04522 049648 051068 1426 
40 059488 .00087 5 062259 063637 .065012 1381 
50 0.073168 0.074513 0.07 5853 0.077190 0.078522 1335 
60 086431 087735 .089036 090332 091624 1299 
70 099301 100567 .101829 103088 .104344 1259 
80 .IL1800 113030 .114257 115481 .I16701 1226 
go 123950 125146 126339 -127529 .128716 IIQI 
100 0.135768 0.136933 0.138094 0.139252 0.140408 1158 
110 147274 .248405 149539 * 150667 151793 1129 
120 158483 159588 160691 161790 .162887 IIOI 
130 169410 .170488 171563 -172635 +173705 1074 
140 .180068 181120 182169 -183216 .184260 1048 
150 0.190472 0.191498 0.192523 0.193545 0.194564 1023 
160 -200632 201035 202635 203034 204630 1000 
170 210559 -211540 212518 213494 214468 976 
180 220205 221224 .222180 223135 224087 956 
Ke 6220759) -230697 231633 232567 233499 935 
200 0.239049 0.239967 0.240884 0.241798 0.242710 g16 
210 248145 -249044 249942 250837 251731 807 
220 257054 -257935 258814 259692 260567 878 
230 205784 266648 267 510 -268370 269228 861 
240 274343 -275189 276034 .276877 277719 844 
250 0.282735 0.283566 0.284395 0.28 5222 0.286048 828 
260 290969 291784 292597 293409 294219 813 
270 -299049 -299849 300648 301445 302240 798 
280 306952 -307768 308552 -309334 310115 784 
290 314773 “315544 316314 -317083 317850 769 
300 0.322426 0.323184 0.323941 0.324696 0.325450 756 
310 329947 -330092 331435 -332178 332919 743 
320 337339 .338072 338803 -339533 .340262 730 
330 -344608 345329 346048 -346766 -347482 719 
340 351758 -352406 353174 -353880 354585 707 
350 0.358791 0.359488 0.360184 0.360879 0.361573 606 

360 305713 366399 -367084 367768 368451 634 | 

370 °372525 137.3201 -373875 -374549 37 §221 674 © | 
380 379233 -379898 .380562 ~381225 381887 664 
390 385439 386494 387148 -387801 388453 654 
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TABLE 112 (continued). 
. continued) : 131 
CASES. 


of ¢ between —49° and + 399° OC. by Degrees. 


Mean diff. 
per degree. 


1.921608 
940292 
-958205 
2975499 
991957 


0.007897 
023273 
038123 
052482 
066382 


0.079847 
-092914 
+105595 
-117Q17 
129899 


141550 
152915 
163981 
174772 
-185301 


195581 
-205024 
-215439 
225038 
234429 


24302 
.252623 
.20D441 
270085 
278559 


286872 
295028 
»303034 
-310895 
318616 


0.326203 
-333659 
-340989 
348198 
-355289 


0.362266 
369132 
-37 5892 
-382548 
389104 


1.919695 
938460 
956447 
973719 
-990330 


0.009459 
.024781 
039581 
053593 
067748 


0.081174 
094198 
106843 
-IIQ130 
131079 


0.142708 
154034 
-164072 
175836 
.186340 


0.196596 
-20061 5 
-216409 
225986 
S25 DS0/) 


+244529 
253512 
-262313 
-270940 
279398 


287604 
-295835 
-303827 
311673 
-319381 


0.326954 
334397 
341715 
348912 
355991 


0.362957 
-369813 
376562 
-383 208 
-3897 54 


1.917773 
936619 
954631 
.97 2022 
988697 


0.011016 
026284 
041034 
055208 
069109 


0.082495 
095486 
108088 
.120340 
132256 


143854 
AS55151 
.166161 
1768098 
.187377 


197608 
-207605 
.217370 
.226932 
-236283 


0.245430 
254400 
.263184 
-271793 
280234 


288515 
296640 
304618 
.312450 
320144 


0.327704 
-335135 
-342441 
-349624 
-356693 


0.363648 
-379493 
-377 232 
-383868 
-390403 


1.915843 
934771 
952909 
‘970319 
-987058 


0.012567 
027782 
042481 
.050699 
.070466 


0.08 3811 
.096765 
109329 
121547 
133430 


144997 
150264 
.167246 
177958 
188411 


198619 
208592 
.218341 
.227876 
.237 207 


0.246341 
255287 
.264052 
272044 
.281070 


289326 
-207445 
*305407 
313226 
.320906 


0.328453 
-335871 
-343164 
-350337 
357394 


0.364337 
SLT L 
SIS 
384525 
391052 


1.913904 
932915 
O51129 
-908609 
985413 


0.014113 
.029274 
1043924 
058096 
.071819 


0.085123 
098031 
-I110566 
122750 
-134601 


0.146137 
ol VSS 
168330 
179014 
-189443 


0.199626 
BOON 7 
-219304 
228319 
238129 


247244 
-250172 
.204919 
B44, 
281903 


2901 53 
.298248 
306196 
-314000 
321667 


0.329201 
-3,36606 
-343887 
351048 
-358093 


0.365025 
371849 
-378567 
385183 
-391699 
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132 : TABLE 112 (continued). 
VOLUME OF GASES. 


(d) Logarithms of 1-++.00367¢ for Values of ¢ between 400° and 1990° C. by 10° Steps. 


00 10 20 30 40 


0.392345 0.3987 56 0.405073 0.411300 0.417439 


0.452553 0.458139 0.463654 0.469100 | 0.474479 
505421 510371 515264 520103 524889 
552547 -556990 561388 -565742 -570052 
595055 599086 .603079 .607037 .610958 
-633771 .637460 -641117 .644744 -648341 


0.669317 0.672717 0.676090 0.679437 0.6827 59 
702172 705325 708.455 -711503 714648 
732715 735955 738575 ‘741475 744350 
701251 -764004 .700740 -7690459 -77 2160 
-788027 -790616 793190 795748 798292 


0.813247 0.81 5691 0.818120 0.820536 0.822939 
837083 839396 .841697 843986 
859679 861875 .864060 866234 
881156 | .883247 885327 887 398 
-901622 903616 905602 » 907578 909545 


50 60 70 80 | 90 


0.423492 0.429462 0.435351 0.441161 0.446894 


0.479791 0.485040 0.49022 0.495350 | 0.500415 
529623 534305 -538938 543522 -548058 
574321 578548 5027 34 586880 590987 
614845 -618696 -622515 -626299 .630051 
651908 655446 -658955 662437 .665890 


0.68605 5 0.689327 0.692574 0.695797 0.698996 
“717712 -7207 55 -723776 -726776 -7297 56 
747218 .7 50001 752886 | .755692 -758480 
774845 777514 -780166 =| .782802 -785422 
.800820 803334 805834 | .808319 .810790 


0.825329 0.827705 0.83006 
848528 850781 isisce 
870550 872692 874824 
8Q1510 893551 895583 
OTT 504 O13 454 JO} S612) 5) 


fe) 


Nolte MoMeMo) 


0.834758 
857471 
879056 
899618 
-Q19251 


BO SI U1 
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TaB_Les 113-114. 133 


RELATIVE DENSITY OF MOIST AIR FOR DIFFERENT PRESSURES 
AND HUMIDITIES. 
TABLE 113,—Values of —_ from h=1 to h=9, for the Computation of Different Values 


of the Ratio of Actual to Normal Barometric Pressure, 


This gives the density of moist air at pressure h in terms of the same air at normal atmosphere pres- 
sure. When air contains moisture, as is usually the case with the atmosphere, we have the 
following equation for pressure term: h=B—o.378e, where e is the vapor pressure, and B the 
corrected barometric pressure. When the necessary psychrometric observations are made the value 
of ¢ may be taken from Table 189 and then o.378e from Table 115, or the dew-point may be found 
and the value of 0.378e taken from Table 115, 


h ExAmpLes OF USE OF THE TABLE. 
760 
To find the value of — when 2 = 754.3 
700 
h = 700 gives .g2105 
1 0.0013158 so .065789 
2 0026316 4 Fa 005263 
3 0039474 a3 -000395 
754-3 +992497 
4 0.0052632 == 
006578 
2 Bena To find the value of 4 when 2 = 5.73 
007% 7 
h=s5 gives .0065789 
77 0.0092TO5 -7 ““ 0009210 
8 .0105263 .03 “f 0000395 
9 -O118421 5-73 0075394 


TABLE 114, —Values of the logarithms of ia for values of h between 80 and 340. 


Values from $ to 80 may be got by subtracting 1 from the characteristic, and from 0.8 to 8 by subtracting 2 from the 
characteristic, and so on. 


Values of log ae 
760 


4 


02228" T. T.03300 | 1.03826 | 1.04347 | 1.0: 1.05368 | 1. 
SOV SA Siins 08297 | .08767| .09231] . 10146 


T.1IQIQ| 1.12 T.12779 | 1.13202 | 1.13622 | 1.14038 | 1.14449 
16058 | .1645 .16840] .17226| .17609| .1798 18364 
19837] .2 .20555| .20909} .21261 | . .21956 
2R003) 2 .23976| .24304| .24629| .24¢ 25273 
AOS) eave wayeiya|| Sap Rg .28354 


.29528,| 1.2 -30103 | 1.30388 | 1.30671 | 1.30952 | I.31231 
-32331 | -32 -32870| -33137| -33493| . 33929 
-34904| -35218| .35471| -35723| 35074) - -36470 
.37446| . -37926| .38164] 38400] . 38870 
-39794| - -40249| .40474| .40099| . 41144 


.42022 | T.4 42454 | 1.42668 | 1.42882 | T. 43305 
44141 | .44347| -44552| -44757| -44960| .45162| .45364 
46161 | .46358| .46554| -46749| .46943] . 47329 
.48091 | .48280] .48467]| .48654| .48840| . 49210 
-49940| . .50300] .§0479| .50658| . 51012 


HES De 5 -§2059 | 1.52231 | 1.52402 | I. 3| 1.52743 
-53410| 53583] -53749| -53914] -54079| -54243) -54407 
55055] -55216| -§5376| -55535| -55694) - -50010 
-50634| .56789| .56944| .57097| .57250| .57 57555 
.5o15d| . 50457 | -58005| .58753] - 59045 


1.59631 | I. T.59919 | 1.60063 | ¥.60206 | T. .60491 
OLOS SG) ae .61334|| .61473| .61611) . 61887 
-62434| . .62704| .62839| .62973| . .63240) .63373] .63506 
037,70): .64032| .64163] .64293) .64423| .64553) . 64810 
.65007| . 65321} .65448| .65574]| . .65526| .659 66077 


[eo} 
Mor Ww 


Bin vw 
1) 
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134 ‘ TABLE 114 (continued). 
DENSITY OF AIR. 


Values of logarithms of ae for values of h between 350 and 800. 


Values of log Le 
760 


a 5 


T.66325 | 1-66449 | 1.66573 | 1.66696 | 1.66819 | 1.66941 | 1.67064 | 1.67185 | 1.67307 | 1.67428 
.67549| -67669| .67790| .67909| .68029| .68148| .68267] .68385| .68503] .68621 
.68739| .68856| .68973] .69090| .69206] .69322| .69437| -69553| -69663| .69783 
.69897| .700II] .70125] .70239| .70352 ToHSS -70577| -70090| .70802| .70914 
.71025| .71136| .71247| .71358| .71468| .71578| .71688] .71798| .71907| .72016 


T.72126 | 1.72233 | 1.72341 | 1.72449 | 1.72557 | 1.72664 | 1.72771 | 1.72878 | 1.72985 | 1.73091 
73197 -73408 | .73514 -73723| -73828| -73932| -74036| .74140 
-74244| - -74450| -74553| - -74758| -74860| .74961| .75063| .75164 
GSAS || TGA Ovals SOTA aes .78768| .75867| .75967| .76066| .76165 
.76264) . 70461 | .76559| . -76755| -70852| .76949| .77046| .77143 


1.77240] I. 1.77432 | 1.77528 | I. 1.77720 | 1.77815 | 1.77910 | 1.78005 | 1.78100 
78194 ; -78383| .78477) . 78664 -78757| .78850| .78943| .79036 
-79128| . :79313| -79405| - -79585| .79679| -79770) .79861| .79952 
80043] . 80223] .80313]| .8 : 80582 | .80672| .80761| .80850 
80935 | . COLTS | ieOl203 |i. : 81467 | .81554| .81642| .81729 


1.81816 | Tr. 1.81989 | 1.82075 | T. 1.82248 | 1.82334 | 1.82419 | 1.82505 | 1.82 
$2676| . 82846] .82930| . ‘Barkalu.84208 beSscce | eae 
83519] 83 .83686 | .83769| . : 84017 | .84100} .84182| .84264 
84340] . 84510] .84591| . = .84835| .84916| .84997| .85076 
85158] . . 85319] .85399] - ; 85638 | .85717| -85797| .85876 


1.85955 | I. 1.86113 | 1.86101 | T. 86: 1.86426 | 1.86504 | 1.86582 | 1.86660 
SOOT BTA .86892| .86969] . 87 .87200| .87277| .87353| .87430 
87500] . 87658] .87734] . é 5| .87961| .88036] .88111| .88186 
88261] . 88411 | .88456] . : 88708 | .887382] .88856] .88930 
89004] . 8O151| .89224] . 38 89443] .89516| .89589| .8q661 


1.897 34 | 1.89806 | 1.89878 | 1.89950 | 1.90022 | 1.90094 | I.90166 | 1.90238 | 1.90309 | 1.90380 
90452] .90523] .90594] .90665| .90735]| -90806} .90877| .90947] .g1017] .gro88 
-Q1158| .91228] .91298| .91367] .91437| -91507| .91576| .91645] .91715| .91784 
91853] .91922] .91990] .92059| .92128| .92196| .92264] .92333] .92401| .92469 
-92537| -92604| .92672| .92740| .92807| .92875] .92942| .93009| .93076| .93143 


1.93210 | 1.93277 | 1-93343 | 1-93410 | 1.93476 | 1.93543 | 1-93609 | 1.93675 | 1.93741 | 1.93807 
-93873 | -93939} -94004) .94070| .94135| -94201| .94266| .94331| .94396| .94461 
94526] .94591) -94656] .94720| .94755| .94849| .¢ -94978| .95042| .95106 

-95233| -95207| -95361| .95424| .95488] .95551| .95614| .95677| .95741 

.95806} .95929| -95992| .96055] -96117] .96180] .96242| .96304| .96366 


1.96490 | 1.96552 | 1.96614 | 1.96676 1.967 38 | 1.96799 | 1.96861 | 1.96922 | 1.96983 
‘97106 .97167| .97228| .97288) .97349] .97- 97471 | .97§31| .97592 
97712] .97772 97832 97892] -97951] .98 .98072| .98132] .g8191 
-98310 | -98370] .98429 98488 | .98547 |: .98 -98665} .98724| .98783 
98900 | .98959| .99018] .99076) .99134|' - 99251} -99309| -99367 


1.99425 | 1.99483 | 1-99540 | 1.99598 | 1.99656 | 1.99713 | T.99771 | 1.99828 | T.g9886 | T.99942 
0.00000 | 0.00057 | 0.0011 4 | 0.00171 | 0.00228 | 0.00285 | 0.00342 | 0.00398 | 0.00455 | 0.00511 
00568 00624 .00680 | .00737] .00793| .00849] .00905] .co0g61 LO1O17 .O1072 
01128 01184} .01239|] .01295] .01350| .01406| .or46r| .o1516| .o1s71| .o1626 
01681 | .01736] .01791] .01846] .o1g01| .01955| .02010| .02064]| .o2I119 .02173 
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TABLES 115-116, t 3 5 
TABLE 115. — Values of 0.378+.* 
This table gives the humidity term 0.378¢, which occurs in the equation 6 = dy % 
s 8% ~ 0.378¢ 
700 


¢; 60 is the density of dry air at normal temperature and barometric pressure, B the ob- 
served barometric pressure, and h = B —0.378¢, the pressure corrected for humidity. For 


for the calculation of the density of air containing aqueous vapor at pressure 


60 d one . ; dare 
values of r, see Table 113. Temperatures are in degrees Centigrade, and pressures in milli- 


meters of mercury. 


e e e 
Vapor rt Vapor Vapor 
pressure int, pressure ‘ int. pressure 

(ice), (water), (water), 


mm 

029 
054 
.090 
, 169 
288 
480 
539 
585 
646 
712 
783 
862 
-947 
,O41 
142 
252 
-373 
, 503 
044 
798 
G94 


3 
geek 


oS 
~ 


= 
Lee) 


Pe A | 
YR OOO MOV WN AAUMMPAPAADAWWHKWWHH HDA WB KOHH 
OW OO nHNHW KDW 


PPHOHHWHN KH HH HHH HEHE RR OOOO OC}OO0000000 
a 


HH MMH HH O00000000090090999900900000 
Eee ee eT nen ey Se Ss 


* Table quoted from Smithsonian Meteorological Tables. 
TABLE 116.— Maintenance of Air at Definite Humidities. 

Taken from Stevens, Phytopathology, 6, 428, 1916; see also Curtis, Bul. Bur. Standards, 11, 
359, 1914; Dieterici, Ann. d. Phys. u. Chem., 50, 47, 1893. ‘The relative humidity and vapor 
pressure of aqueous vapor of moist air in equilibrium conditions above aqueous solutions of sul- 
phuric acid are given below. 


Density of Relative Vapor pressure. || Density of | Relative Vapor pressure, 


acid sol. humidity. 20°C oc || acid sol. humidity. 


20° C 30°C 


mm | mm mm 
: Re fb 31. -30 IO. 18. 
17 30. 35 8. T56 
16.2 ; -40 6. TE: 
is. .50 a 
14. oe |] .60 iP 
12. 2 79 O. 


Rw 
WwW © OO~I™ OO 


WO wi O 


-O5 
19 
1S 

20 
2 


No COR NW 


bh ON 


» 


| 
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TasBLe 117. 


PRESSURE OF COLUMNS OF MERCURY AND WATER. 


British and metric measures. 


Correct at o° C. for mercury and at 4° C. for water. 


METRIC MEASURE. 


BRITISH MEASURE. 


Pressure 
in grams per 
sq: cm. 


Pressure 
in pounds per 
sq. inch. 


Inches of 
Hg. 


Pressure 
in grams per 
sq. cm. 


Pressure 
in pounds per 
sq- inch. 


13-5956 
27.1912 
40.7868 
54.3824 
67.9780 


81.5736 


95-1692 
108.7648 
122.3604 
135.9560 


0.193376 
0.3867 52 
0.580128 
0.773504 
0.966880 
1.160256 
1.353032 
1.547008 
1.740384 
1.933760 


34-533 

69.066 
103.598 
138.131 
172.664 
207.197 
241.730 
276.262 
310-795 
345-328 


0.491174 
0.982348 
1:47 3522 
1.964696 
2.455870 
2.947044 
3.438218 
3-929392 
4.420566 


4.911740 


Pressure 
im grams per 
sq. cm. 


Pressure 
in pounds per 
sq. inch. 


Inches of 
HO; 


0.0142234 
0.0284468 
0.0426702 
0.0568936 
0.071 1170 
0.08 53404 
0.0995638 
0.1137872 
0.1280106 


0.1422340 


1 


Pressure 
im grams per 
sq- cm. 


Pressure 
in pounds per 
sq- inch. 


0.108382 


0.144510 
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TABLE 118. 


ES, 


REDUCTION OF BAROMETRIC HEIGHT TO STANDARD TEMPERATURE.* 


Corrections for brass scale and 


English measure. 


Height of 
barometer in 
inches. 


a 


in inches for 
temp. F. 


Corrections for brass scale and 
metric measure. 


Corrections for glass scale and 
metric measure, 


Height of 
barometer in 
mm, 


a 


in mm. for 
temp, C. 


Height of 
barometer in 
mm. 


a 


in mm. for 
temp. C. 


15.0 0.00135 400 0.0651 0.0086 
16,0 00145 410 0668 0172 
17.0 00154 420 068 4. 0258 

D75 001 58 430 .0700 0345 

8 00163 440 .07 16 0431 

00167 450 .07 32 .0517 

.OOr'72 460 3 .07 49 0003 

.00176 470 0705 : 

: 480 0781 0.0689 

0.00181 490 .0797 0775 
00185 0861 
.00190 0.0813 .0895 
.00194 0830 .0930 
.OO199 0846 0905 
00203 .0862 -0999 
.00208 .0878 
.00212 0894 0.1034 

.OOII 1051 

0.00217 0927 1068 
.00221 0943 1085 
00226 0959 1103 
.00231 -II20 
.00236 0.0975 See yf 
00240 .0992 
00245 .1008 1154 
.00249 1024 ele 

-1040 1189 

0.00254 1056 1206 
.00258 1073 22 
.00263 1089 .1240 
00265 1105 1258 
.00267 1121 
.00268 1275 
.00270 0.1137 1292 
.00272 1154 1309 

1170 1327 
0.00274 1186 1344 

.00276 .1202 -1361 
.00277 -1218 .1378 

1.00279 1235 
.00281 1251 1464 
00283 .1267 -I551 
.0028 5 1283 1639 
.00287 -1299 1723 


NNN HK 


Wo Pb + 


to 
» 


NNHNHN NH 


YADA 


NO 
m0 


LS) 


tN 
CGOGOS % 


iS) 


CHODRhKHOUNODO UAONRONONHO NANO 


w 


* The height of the barometer is affected by the relative thermal expansion of the mercury and 
the glass, in the case of instruments graduated on the glass tube, and by the relative expansion of 
the mercury and the metallic inclosing case, usually of brass, in the case of instruments graduated 
on the brasscase. This relative expansion is practically proportional to the first power of the tem- 
perature. The above tables of values of the coefficient of relative expansion will be found to give 
corrections almost identical with those given in the International Meteorological Tables. The 
numbers tabulated under a are the values of a in the equation Ay= Ff — a(t’ —t) where A;is the 
height at the standard temperature, H/’ the observed height at the temperature /’, and a (¢’—7Z) the 
correction for temperature. The standard temperature is 0° C. for the metric system and 28°.5 F. 
forthe English system. The English barometer is correct for the temperature of melting ice at a 
temperature of approximately 28°.5 F., because of the fact that the brass scale is graduated so as 
to be standard at 62° F., while mercury has the standard density at 32° F. ee 

ExaMPLE.—A barometer having a brass scale gave H = 765 mm. at 25° C.; required, the cor- 
responding reading at o° C. Here the value of a isthe mean of .1235 and .1251, or .1243; .*. a (//—/) 
= .1243 X 25 = 3.11. Hence Ay = 765 — 3.11 = 761.89. : en me 

N. B.—Although a is here given to three and sometimes to four significant figures, it is seldom 
worth while to use more than the nearest two-figure number. In fact, all barometers have not the 
same values for a, and when great accuracy is wanted the proper coefficients have to be deter- 
mined by experiment. 
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TABLE 119. 


138 
REDUCTION OF BAROMETER TO STANDARD GRAVITY. 


Free-air Altitude Term. Correction to be subtracted. 


The correction to reduce the barometer to sea-level is (g1 — g)/g X B where B is the barometer reading and g and 
gi the value of gravity at sea-level and the place of observation respectively. The following values were computed for 
free-air values of gravity g: (Table 565). It has been customary to assume for mountain stations that the value ef 
gi = say about 2 the free-air value, but a comparison of modern determinations of g: in this country shows that little 
reliance can be placed on such an assumption. Where gi is known its value should be used in the above correction 
term. (See Tables 566 and 567. Similarly for the latitude term, see succeeding tables, the true value of g should be 
used if known; the succeeding tables are based on the theoretical values, Table 565.) 


Observed height of barometer in millimeters. 


Height 
apove 
sea-level. 


meters. 


I0o Ate Correction in mm to be subtracted for 
200 : height above sea-level in first column and 
300 ‘ barometer reading in the top line. 
400 
500 
600 
700 
800 
fefore) 
1000 
I10o0 
1200 
1300 
I400 
I500 
1600 
1700 
1800 
1900 
2000 
2100 
2200 
2300 
2400 
2500 
2600 
2700 
2800 
2900 
3000 
3100 
3200 
3300 
3400 
3500 
3600 
3700 
3800 
3900 
4000 


UI HHOODOOHHRNOOEE 
wn 
ssosesogssegagas li IIIIITitittiii 
OoOo0o00000 O00000006 


— Corrections in in. to be 
— e A 5 ‘ subtracted for height above 
— sea-level in last column and 
barometer reading in bot- 
tom line. 


Observed height of barometer in inches. sea-level. 
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TABLE 120, 139 


REDUCTION OF BAROMETER TO STANDARD GRAVITY.* 
METRIC MEASURES, 
From Latitude 0° to 45°, the Correction is to be Subtracted. 


660 | 680 | 700 | 720 | 740 | 760 | 780 
mm nen mm mm, mm. mm mm 
—I.71}—1.77|—1.82—1 .87|—1 .g3|—1 .g8—-2.04/—2..09 
.69\—1.74\—1 .79|\—1 .85| I .g0|—I .95| 2. 00/2. 06 

F FOS tele 7Gime D7" 1.03), LsGQl al. O4le ek Ooi, 

Te Aes aay] | aby weattAl| aotely| sows — ie fs! 

Ts OS(s Ole te 75) aL OOLe leOSla Oc TsOG 

Ts 203) 9 2. OS) 0.73) | 0.78) le S4ieal Solu taod 
I.31;/—1.36;—1. ihe ; .61—1 .66)-—1.71|—1. 76—1 .81|—_1 .86—1.92\—_1. 
roel G4 be SOl le 44 eld L Sd eel coll. Od) l.O0l la74| T.70) ot-o4in Tt. Co| mice 
oe 7a oaee lL Of tet2 eT Ait cole 57) 1 O25 GL O7)= 1.72) ml 970| Gotta r COR 
Tose oO Mts > ele Oe eS | sere COMered ll Le Sol er Od mtOOmls74) 0 l/h ela c3pueue 
Poste omele so ueUso el AS) eA 7 tes 26 TSO) mete Ol iy COlmile7 tien 1e7.s\let .COMme 
1.21/—1.26/—1 . 30/1. 35|—1 . 401.441 . 491. 541. 5811.63.67 —1.72\—1.77-—1.. 
IeROmeTeeoeet comet sce as7e tel) TAO er SON. 55 .1T O00) ) bO4\s Te Ooi. 1.73 mamte 
terol cOm ls 25 | mete 20 ats 4s eres ee Aye iS omeL SO) a OOL at OS|) a OOM 
te ete Toe OA le ZO eT slime less eT eSOlTe44) aleASl mt. S2ie 1.57) eOLl) le Os imme 
T.10, I-15) 1-19} 1.23) .2.27| 1.32) 1.36 1.40) 1.44) 1.48) 1.53) 1.57). 1.61 1. 
—I.1I1—I.16|\—1.20}—1.24\—1. 281 . 32; -1. 361. 40} 1. 44-1 . 491.531. 57/1. 
TOC Late) eel. TO sete 20) 24lnet 20) i. 32) ele GOIN elt AO lant A4l leASi muniG >| mene 
Tiss! CS)! To) GES EEA) al EA Meng Tea Sf) ee] advil) Tals) a 
EAOUmetO5) el OO 1, Tet LO TeZOle 24 ele 2O| eles Tl welt Sis le aO | mess Sem 
O.OGe l- OF Mere Osea Osmel 12a te Lol eu TOla. De 2Qel 27 nf Onl 34 emilee 7 fumles 
—0.94,-—0.97|—I .OI|/—1 .04,—1 .08 —1I. 111. 15\—1. 18; -1. 22,1 .25, 1.29.1. 32,1. 
OZQOMOOS moO O7 etl. O0) @lsO3imel O77) st. TO). a3 i! cj. 20! amt) 023i elno77 lee 
ORS O COO -O2/" O-00NNO,O0lm 1 O26 1,05) a lrOcle m, T2sr Tels) te lele tt. 2miamens 
Osa) Oxsls| Wciete'| coi] WEY) Coeey/| Ancofel|| aes@ei) Big@le)s “Mere, argie4) apo aes). it, 
OLAS Oates Wotevll Octtel| OAL KonCr! CaCl) ACs!) ia~Nilo Mesoyi GraGyd) Get) a. 
—o0.74—0.76:—0.79—0.82\—0.85—0.87\—0 .g0;—0.93:—0..95; 0.98, I .O1| 1. .04|—1.. 
0.69] 0.72) 0.74 0.77| 0.80 0.82) 0.85] 0.87] 0.90) 0.92] 0.95) 0.98} 1. 
0.65| 0.67) 0.70) 0.72| 9.74) 0.77| 0.79) 0.82 0.84) 0.86) 0.89] 0.91] oO. 
0.60| 0.63) 0.65; 0.67) 0.69] 0-72) 0.74) 0.76) 0.78| 0.80) 0.83] 0.85] o. 
0.56] 0.58] 0.60) 0.62) 0.64) 0.66) 0.68) 0.70) 0.72| 0.74) 0.76) 0.79] Oo. 
—0. 510.53 —0.55—0.57,\—0. 59|—0.61,—_0..63| 0 .6 4,0 .66 —0 .68\—0..70\—-0..72,0.. 
0.46} 0.48} 0.50) 0.52) 0.53) 0.55| 0.57] 0.58) 0.60! 0.62) 0.64) 0.65] o. 
OF42|" 0.43) 10-45), 0.40) 80248) (0240) Os 51/ 0.52). 0. 54) 0.56) 10.57) «0-50) HO: 
OK<¥i| Woes) Opeth ori! OW Camis Oana! Oot) Warts) Wao) KonGhl) Once) 
0.32) 0.33) 0.34) 0.36) 0.37/ 0.38] 0.30). 0.40) 0.42) 0.43) 0.44) 0.45) Oo. 
—0.27\—0.28 —0.290|\—0 . 30 —0.. 310. 32} 0. 33-0. 34 —O. 35-0. 36,0. 37; 0. 38/0. 
O22) O22) 0.24) Oe25) 0.265 0.20) O-27/8 O20) 0.20)! 0.730)" 0.30)! 0. sms 
Gury) nik) - Ositell’ Osu] Oe) Wert Ooi Onell Wnzz WEAR) Wo2A) @o2%4l) OO. 
Chi) Oong Wa) Onavl| Cyiel Cryissi) Opas| @aitel Want) Oni) Opuydl Oni) Op 
0.07} 0.08} 0.08 o. 0.08} 0.09] 0.09} 0.09} 0.10} 0.10} 0.10] 0.10) oO. 
—o.02—0.03 —0.03—0.03 —O.03 —0.03—0.03—0..03|—0..03; 0.03 —-0 .03| 0.030. 
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REDUCTION OF BAROMETER TO STANDARD GRAVITY.* 
METRIC MEASURES. 
From Latitude 46° to 90°, the Correction is to be Added. 


Lati-| 520 680 | 700 | 720 | 740 
tude. | 
mm mm. mm. mm 

—0 .03 —0.03—0.03\—0.03 
46 |+0.02\+0.03'+0.03/-+0.03 +0.03 +0.03 +0.03 +0.03'+0.03 +0.03/1-0.03|-+0.03 
47 | 0.07| 0.08) 0.08) 0.08 0 08} 0.09) 0.0G] 0.09; 0.09) O.I0} 0.10) 0.10 
48 | 0.12| 0.12| 0.13] 0.13) 0.14, 0.14 0.15) 0.15) 0 TO OF FO mOn1 7 Onk7 
49 | 0-17) 0.17) 0.18 0.19) 0.19) 0.20, 0.21) 0.21| 0.22} 0.23) 0.23) 0.24 
50 |. 0.22) 0.22) 0.23) 0.24) 0.25 0.26) 0.26) 0.27) 0.28)> 0.20) ‘O-30) (0.31 
51 |+0.26+0.27\+0.28,+0.29\+0.30,+0.31/-+0.32,+0.33)+0.34|+0. 35) 10-36, +0. 37 
52 | 0.31| 0.32) 0.33] 0.34) 0.36, 0.37 0.38) 0.30) 0.40) 0.42) 0.43) 0.44 
53 | 0.36 0.37] 0-38) 0.40) 0-41) 0.42} 0.44) 0.45 0.46] 0.48] 0.49) 0.51 
54] 0.40) 0.42) 0.43) 0.45 0.46} 0.48) 0.49] 0.51/ 0.52) 0.54) 0.56) .057 
55 | 0-45] oO 46, 0.48] 0.50} 0-52) 0-53] 0-55] 0.57] 0-58 0.60; 0.62) 0.64 
56 |+0.49+0-51|+0-53/+0-55|+0-57 +0-59+0-60|+-0.62\+0.64 +0.66+0.68-+0-70 
57 | 0.54, 0-56, 0-58 0.60, 0.62) 0.64) 0.66) 0.68 0.70 0.72 0-74) 0-76 
58 | 0-58, 0-60) 0.62) 0.65] 0.67] 0.69) 0-71] 0.741 0.76) 0.78 0-80] 0.82 
59 | 0-62 0.65] 0-67] 0.69] 0.72) 0.74) 0.77] 0.79) 0.81) 0.84) oO 86 0.89 
60 | 0.66) 0.69] 0.72) 0.74] 0.77) 0.79) 0-82) 0.84) 0.87] 0.89) 0-92) 0.94 
61 |+0.71/+0.73/+0.76|+0.79+0.81|+0.84)+0.87|\+0.89-+0.92,+-0.95|+0.98 +1.00-+1-03)+1-06 
62] 0.74) 0.77| 0.80) 0.83) 0.85} 0.88) 0.91) 0.94) 0-97) 1-00] I-02) I.05| I-08) 1.11 
63 | 0-78 0-81} 0-85) 0.88) 0-91) 0.94! 0-97| I-00, 1-03} 1-06) I-09) 1.12) 1.15/.1.18 
64] 0.82) 0.85 0.89 0.92, 0.95 0.98 I-01] 1.04 TOW Te hile Teale ts 07] = a 20 ees 
65 | 0-86] 0-89] 0.93) 0.96) 0-99 1-03 1.06) OO) Ters) eratOle De Tole L223 et 2O|lteeeo 
66 |-+0.90)+0.93)+0.97|+1-00|-+1.04|+-1.07|-+-1-10-+1.14|-1.17|-1-21/+1-.24/4+ 1. 28)-1- 31/4 1-35 
67 | 0.03) 9-97} I-00, 1.04] 1-08) I.11] 1-15] 1-18).!1-22| .1.25)%1-29 1-33) 1-36] 1-40 
68 | 0.97, 1-00), I-04) 3:08) E-1E) *L, 25. (2,20! “.23)) 1-26) 30) 9. 34) Gt 97) een eee 
69 |r. 00 1-04)" 1-08) Te TT PeE5) Qi 19)" 1-23) Fle 27) sebastien 1 Alte go he 42d OMe tas 
go |i 0-03]. ‘Is07|? 1-11] .X.25) 1-19) 1.23) 27 en at 1. 35\0en. so] 02-43, eA ge s gaeeee 
71 J+1.06+1-.10-+1.14|-+1.18)+1.22)\+1.26+1.31/+1.35/\+1.30)\+1-43\+1.47\+1.51/+1 I 
ZEW STeOOls LalG|s Del7is  De22\ 1 20/ee GO este CA suo hee oe ae ee baie ho 
og 40 0.12 1-26) +2+20)  L.25|. E.20) 91.33" 2.37) 3.42) 1.468 Esa tassh ots SOleueO mae 
7A} I-14) I-19) 1.23] 1-28) 1-32) 1.36/—1-41) 1-45) 1-50) 1-54) 2-59) 1.63) 1-67 172 
7 apie, oRERCNA pe realo Meee] mec) anecto, aeceltll seatil ir Al ital aha) eS) EFT iS 
76 J+1.19\+1.24/+1.28+-1.33)1+1.37/+1.42/+1.47| Ty. 
Gh || Moz) Ate zfal) ony) nes ao] aia) = ake Ts 
Ges || 28] Mes] LB Wats} Unda ay) Tg 
79 e250 Le SO LasS) L.A0) SoA Sie eA Olas 4 iu. 
SOcleelee ite ls 32| eel 137) eel 2a, 47) eer CMM Tk 
81 |-+1.20/+1.33/+1.38+1.43/+1.48,+1.53/--1.58 
82 TsO) tS MGRe ISI SISO ay SR) in (eto) 
83 ES haste dead aE) nn gfe) (ain 
MUA © Thee 1.37) 1.42 1.48) 9 DaS 3h tebe) eleos 
85 | 1-33) 1-30) 0.43) 1.40) 1.54)" 1.50) 8 Od 
90 |+1.35/+1.41/+1.46)-+1.51/+1.56/+1.61/+1.67 
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TABLE 122. I4I 


REDUCTION OF BAROMETER TO STANDARD GRAVITY.* 
ENGLISH MEASURES, 
From Latitude 0° to 45°, the Correction is to be Subtracted. 


20 21 22 23 24 25 26 27 28 29 30 
Inch. Inch. Inch Inch. Inch, Inch. Inch Inch. Inch Inch. Inch 
-—0 .051/—0. 054 —0.056,—0..059| 0. 062\—0 .06.4| 0 . 0670. 0700. 072-0, 075 —0 .078—0, o80 
—0 053 —0.055|—0.058'—0  061| 0, 063/—0 . 066.0. 069|—0 .071/—0 .074 0 .077—0..079 
0.052, 0.055} 0.058} 0.060 0.063/ 0.066) 0.068) 0.071/ 0.073) 0.076 0.079 
0.052) 0.055} 0-057; 0.060) 0.062) 0.065) 0.068) 0.070) 0.073) 0.075) 0.078 
0°052| 0.054; 0.057} 0.059} 0.062) 0.064) 0.067} 0.070] 0.072/ 0.075) 0.077 
0.051) 0.054; 0.056) 0.059] 0.061) 0.064) 0.066) 0.069) 0.071] 0.074) 0.076 
—0.050—0 .053;—0.055|—0.058—0.. 060,—0, 0630. 066,—0 . 068;0 . 07 0. 0730. 076} 
0.050) 0.052)" 0,055) 0.057) 0.060} 0.062) 0.065] 0.067] 0.070| 0.072) 0.075 
0.049 0.051) 0.054) 0.056, 0.059) 0.061) 0.064 0.066) 0.069 0.071) 0.074 
0.048} 0.051) 0.053} 0.055/ 0.058] 0.060| 0.063) 0.065] 0.068 -0.070' 0.072 
0.047) 0.050/ 0.052 0.055) 0.057} 0.059) 0.062) 0.064) 0.066) 0,069) 0.071 
—0 .047 —0 .049—0 .051;—0.,053,—0. 056—0, 058, —0 . 060,—0 . 0630. 065 —0. 067\—0. 70) 
0.046; 0.048) 0.050! 0.052| 0.055/ 0.057| 0.059] 0.062| 0.064! 0.066| 0.068 
0.045) 0.047) 0.049) 0.051] 0.053) 0.056) 0.058) 0.060] , 0.062) 0.065 0.067 
0.044| 0.046) 0.048) 0.050} 0.052) 0.054] 0.057] 0.059] 0.061| 0.063 0.065 
0.042, 0.045, 0.047) 0.049) 0.051} 0.053) 0.055] 0.057| 0.059] 0.062) 0.064| 
—0,041—0,043—0.045|—0,047;—0.050}—0. 0520. 054; 0.056; 0.058 —0. 060'—0 . 062 
0.0490, 0.042) 0.044) 0.046; 0,048) 0.050) 0.052) 0.054) 0.056) 0.058! 0.060 
0.039, 0.041) 0.043/ 0.045) 0.047| 0.049) 0.050) 0.052) 0.054) 0.056, 0.058 
0.038} 0.039, 0.041) 0.043) 0.045| 0,047] 0.049) 0.051| 0.053] 0.054| 0.056 
0,036, 0.038) 0.040) 0.042} 0.043] 0.045] 0.047/ 0.049| 0.051] 0.052 0.054 
—0.035—0.037,—0.038—0.040,—0 .042\—0..043|—0..045;—0 047, —0 049 —0.050 —0..052 
0.033) 0.035) 0.037] 0.038} 0.040} 0.042) 0.043/ 0.045| 0.047|/ 0.048 0.050 
0.032) 0.033} 0.035} 0.037/ 0.038 0.040; 0.041|, 0.043) 0.045] 0.046, 0 048 
0.030} 0.032) 0.033 0.035) 0.036| 0.038) 0.039; 0.041| 0.043) 0.044 0.046 
0.029, 0.030; 0.032 0.033) 0.035] 0.036) 0.037] 0.039 0.040) 0.042) 0.043 
—0 .027,—0 .029—0..030;—0 , 031; —0..033| 0.034; 0 .035| 0.037} 0 ..038/—0.040/—0. 04 
0.026} 0.027; 0.028 0.030! 0.031/ 0.032) 0.033) 0.035) 0.036) 0.037] 0.038 
0.024, 0.025) 0.026 0.028 0.020] 0.030) 0.031} 0.032] 0 034] 0.035| 0.036 
0.022} 0.023} 0.025) 0.026) 0.027) 0.028 0.029] 0.030) 0.031} 0.032] 0.034) 
i 0.02I/ 0.022) 0.023) 0.024) 0.025) 0.026] 0.027| 0.028) 0.029) 0.030) 0.031 
i 
| | —0.019;—0 .020/—0 .021 —0.022'—0..023/—0 .024\—0 0250 .026 0. 027/,—0..027/0. 028) 
0.017, 0.018 0.019 0.020) 0.021| 0.022) 0.022! 0 023) 0.024) 0.025} 0.026 
| 0.015} 0.016} 0.017} 0.018) 0.019} 0.019] 0.020] 0.021] 0.022] 0.022) 0.023 
0.014; 0.014) 0.015) 0.016; 0.016 ©.017| 0.018} 0.018] 0.019} 0.020) 0.020 
0,012) 50.012) O.013) 10,014) O.014) JOLO15|) O.OLs| (0.016) 0-017) 0.017) OnO18 
—0.010;—0.01I;—0. OII/—0. 012|—0..012,—0.013,—0.. 013|0. 014,—0.014—0.. O15|—0.015 
0.008, 0.009} 0.009! 0.009) 0.010} 0.010 0.011] 0.01] 0.012 0.012 0.012 
0.006, 0.007; 0.007, 0.007; 0.008, 0.008) 0.008) 0.009, 0.009) 0.009) 0.010 
0.005} 0.005; 0.005} 0.005! 0.005} 0.006] 0.006) 0.006) 0.006) 0.007] 0.007 
0.003) 0.003) 0.003) 0.003] 0.003) 0.003] 0.004) 0.004) 0.004) 0.004) 0.004 
0.001'—O. 001 —O.00I—0 .001'—0 .00I|—0 ..001'—0.001|—0.. 00 I| 0 .00 1/0. 001,—0. OOT 


| 
| 
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REDUCTION OF BAROMETER TO STANDARD GRAVITY.* 
ENGLISH MEASURES, ; 
From Latitude 46° to 90° the Correction is to be Added. 


Late 19 20 DBL i) -P 23 24 25 26 27 28 29 30 
Tnchs |e inck: Inch. Inch. Inch. Inch. Inch. Inch. Inch. Inch. Inch. Inch. 
45 .001|—0.00I —0., 001/—0.001|—0.. 001|/ 0.001 —0 .001 —O.00I —O.00I —O.001;—0 .001|—0.. 001 
46 |+0.001|+0.001/+0.001|+0.001|-+0.001|-+0.001,+0.001|+0.001|+0.001|+-0.001|/+-0.001|+-0.001 
47 | 0.003} 0.003) 0.003; 0.003] 0.003) 0.003) 0.003) 0.004 0.004 0.004) 0.004) 0.004 
48} 0.004) 0.005] 0.005] 0.005] 0.005) 0.006) 0.006, 0.006 0.006, 0.006 0.007 0.007 
49 | 0.006| 0.006) 0.007| 0.007} 0.007} 0.008 0.008) 0.008 0.009 0.009 0.009 0.010 
50] 0.008] 0.008! 0.009] 0.009] 0.010} 0.010) 0.010} O.OII| O.OII| 0.012) 0.012) 0.012 
51 |+0.o010+0.010/+0.011|+0.011/+0.012/,+0.012+0.013/+0 013 +0 014+0.014\+0.015|+0.015 
52| 0.011] 0.012) 0.012} 0.013) 0.014) 0.014; 0.015; 0.015 0.016 0.016 0.017, 0.018 
53 | 0.013) 0.014| 0.014 0.015; 0.016) 0.016! 0.017; 0.018 0.018 0.019 0.020; 0.020 
54] 0.015; 0.015] 0.016] 0.017| 0.018} 0.019) 0.019) 0.020} 0.021; 0.022} 0.022) 0.023 
55 | 0.016] 0.017| 0.018) 0.019] 0.020) 0.021} 0.021; 0.022) oO 023 0.024) 0.025) 0.026 
56 |+0.018)+0.019+0.020|\+0.021/+0.022|+0.023-+0.024,+0.024-+0.026-+0.026-+-0 027 -+0 028 
57 | 0.020; 0.021] 0.022| 0.023} 0.024! 0.025 0.026) 0.027| 0.028 0.029 0.030 0.031 
58] 0.021] 0.022): 0.023) 0.025} 0.026} 0.027| 0.028] 0.029) 0.030! 0.031; 0.032 Oo 033) 
59 | 0.023) 0.024) 0.025) 0.026) 0.028) 0.029] 0.030) 0.031) 0.032 0.033 0.035, 0.030 
60] 0.024 0.026] 0.027} 0.028] 0.029] 0.031| 0.032] 0.033) O 034 org fe) 037 0.038 
61 |+0.026/+0.027|/+-0.028/-+0.030|--0.031|-+0.033\+0.034\+0.035,+0.037 +0.038+0.039 +0.041 
62] 0.027) 0.020] 0.030} 0.032) 0.033| 0.034) 0.036) oO 037 0.039 9.040 0.042 0.043 
63 | 0-020] 0.030! 0.032} 0.033} 0.035; 0.036) 0.038) 0.039) 0.041) 0.042) 0.044 0.045 
64] 0.030| 0.032| 0.033) 0.035| 0.036) 0.038} 0.040 0.041) 0.043, 0.044) 0.046 0.047, 
65 | 0.031) 0.033) 0.035} 0.036) 0.038) 0.040) 0.041| O 043 0.045) O oy 0.048) 0.050 
66 |+0.033,-+0.034-+0.036/+0.038),+0.040\+0.041/+0.043)-+0.045\+0.047 +0.048 +0.050+0.052 
67 | 0.034} 0.036) 0.038) 0.039] 0.041/ 0.043) 0.045| 0.047) 0.048) 0.050) 0.052) 0.05. 
68 | 0.035} 0.037| 0.039 0.041) 0.043) 0.045) 0.046] 0.048} 0.050) 0.052) 0.054 0.056 
69 | 0.036) 0.038} 0.040) 0.042) 0.044) 0.046) 0.048) 0.050) 0.052) 0.054 0 056 0.058 
70 | 0.038) 0.040} 0.042] 0.044) 0.046) 0.048) 0.050) 0.052) Oo 053 0.055) 0.057; 0.059) 
71 !+-0.039|+0.041/-+0.043|+-0.045/+0.047-+0.049+0.051|+0.053\+0.055 +0.057-+0.059 +0, 061 
72| 0.040! 0.042} 0.044] 0.046) 0.048) 0.050} 0.052} 0.054) 0.057 0.059) 0.061 0.063 
73) 0.041) 9.043) 0.045) 0.047} 0.049] 0.052} 0.054) 0.056 0.058) 0.060) 0.062) 0.064 
74] 0.042) 0.044) 0.046} 0.048) 0.051] 0.053) 0.055} 0.057; 0.059} 0.062) 0.064) 0.066) 
75 | 0.043) 0.045} 0.047| 0.049) 0.052) 0.054| 0.056] 0.058) 0.061| 0.063) 0.065] 0.067 
76 |+0.044|+0.046\-+0.048)+0.050|+0.053/-+0.055|+0.057/+0.060+-0 teary 0.066 0.069) 
77 | 0.044) 0.047| 0.049} 0.051] 0.054) 0.056) 0.058} 0.061; 0.063) 0.065) 0.068) 0.070 
78 | 0.045) 0.047] 0.050) 0.052) 0.055| 0.057} 0.059) 0.062] 0.064) 0.066) 0.069) 0.071 
79 | 0.046} 0.048) 0.051] 0.053) 0.055] 0.058} 0.060; 0.063| 0.065; 0.067, 0.070) 0.072 
80 | 0.046} 0.049) 0.051| 0.054] 0.056) 0.059] 0.061) 0.063/ 0.066) 0.068) 0.071| 0.073 
81 |+0.047/+0.049+0.052/+0.054|/+0.057/+0.059 +0.062+0.064)+0.067/+0.069|+0.072'+-0.07 
82] 0.047} 0.050) 0.052} 0.055) 0.057) 0.060) 0.062) 0.065} 0-067) 0.070 0.072) 0.075 
83 | 0.048} 0.050) 9.053} 0.056) 0.058) 0.061| 0.063) 0.066), 0.068} 0.071] 0.073| 0.076 
84] 0.048 0.051} 0.053) 0.056) 0.059] 0.061] 0.064 0.066/ 0.069) 0.071) 0.074) 0.076 
85} 0-049] 0.051) 0.054) 0.056) 0.059 0.061) 0.064) 0.067, 0.069} 0.072) 0.074| 0.077 
90 !+0.049!-+0.052/-+0.055|+0.057/-+0.060'+0.062/-+0.065-+0.068,+0.070\+0.073-+0.075+0.078 
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TaBLeS 124-125, 143 
TABLE 124, —Correction of the Barometer for Capillarity.* 


1. METRIC MEASURE. 


Heicut oF Meniscus 1n MILLIMETERS. 


Diameter 


pete 08 | 1.0 12 | 14 


in mm. 


Correction to be added in millimeters. 


1.80 
i.20 
0.82 
56 
.40 
.29 
72 


sith 


AZ 


2. BRITISH MEASURE. 


HeIcGHT oF Meniscus In INCHEs. 


Diameter 
of tube 4 E | .03 | .04 | .05 .06 


in inches. 


Correction to be added in inches. 


0.069 0.092 0.116 ~ 
.033 045 059 0.078 
O19 .025 037 047 
013 018 023 029 
.008 OlZ. Ons 018 
.006 .008 O10 O12 
003 .005 .007 .008 
.002 .004 .005 .006 
OOL .002 003 004 


* The first table is from Kohlrausch (Experimental Physics), and is based on the experiments of Mendelejeff and 
Gutkowski (Jour. de Phys. Chem. Geo. Petersburg, 1877, or Wied. Beib. 1877). The second table has been calcu- 
lated from the same data by conversion into inches and graphic interpolation. 


TABLE 125,— Volume of Mercury Meniscus in Cu. Mm. 


Diameter of tube in mm 
Height of 


meniscus, 


ae 
ann: 


bNw bv 
ALNO 


Scheel und Heuse, Annalen der Physik, 33, p. 291, rgro. 


SMITHSONIAN TABLES. 


144 TABLE 126. . 
BAROMETRIC PRESSURES CORRESPONDING TO THE TEMPERATURE 
OF THE BOILING POINT OF WATER. 


Useful when a boiling-point apparatus is used in the determination of heights. Copied from 
the Smithsonian Meteorological Tables, 4th revised edition. 
(A) METRIC UNITS. 


| Tem- 
PSterere: 


6 7 


mm. mm. 
364.11 | 365.58 
379-05 | 380.57 
394-49 | 396.06 
410.45|412.08 
426.95 | 428.64 


444.01 | 445.75 
461.63 | 463.42 
479.83 | 481 .68 
498 .63 | 500.54 
518.04 520.01 


540.11 
5 1500.85 
8 | 582.25 
604.33 
627.09 


650.57 
|674.77 

699.71 
725-42 
751-90 


779.18 


Tem- 
perature. 0 ail 2 3 4 5 6 ATE 8 A) 
F Inches. | Inches. | Inches. | Inches. | Inches. } Inches. | Inches. | Inches. | Inches. | Inches. 


185° |17.075 |17.112|17.150] 17.187 | 17.224| 17.262] 17.300] 17-337 | 17.375 | 17.41 
186 |17.450|17.488|17.526]17.564| 17.602] 17.641 17.670 17 517 ae ee 
187 {17.832 |17.871|17.910/ 17.948] 17.987] 18.026] 18.065] 18.104 | 18.143] 18. 182 
188. |18.221|18.261 | 18.300] 18.340] 18.379] 18.419| 18.458] 18. 498 | 18.538 |. 18.57 


189 |18.618) 18.658] 18.698} 18.738] 18.778] 18.818] 18.859 18.899 | 18.940} 18.980 
190 19.021 | 19.062] 19.102] 19.143 19.184] 19.225] 1 | 
: .18 225] 19.266] 19.308 | 19. 19.390 
IgI 19-431 | 19-473] 19.514) 19.556] 19.598] 19.639] 19.681] 19.723 ers: ee 
192 19.849 | 19.892 | 19.934| 19.976] 20.019] 20.061] 20. 104 20.146 | 20.189] 20.232 
193 |20.275 20.318 20. 361 | 20.404] 20.447| 20.490| 20.533] 20.577 | 20.620 20.664 
194 |20.707 (20.751 20.795 | 20.839] 20.883) 20.927] 20.971] 21.015 | 21.059] 21.103 
195 | 21.148) 21.192 |21.237| 21.282! 21.326] 21.37 
21.237 | 21.252) 21.326) 21.371 | 21.416] 21.461 | 21.506] 21.55 
| 190 21.597 21.642 |21.687| 21.733] 21.778| 21.824| 21.870 21 Ons Siaoo7 22 as 
197 122.053 |22.009 22.145] 22.192| 22.238] 22.284] 22.331 | 22.377 |22.42 22.471 
TOC 22e 507 22.564 22.611| 22.658} 22.706] 22.752] 22.800| 22.847 22.895 as 
199 22.990 | 23.038 | 23.085 | 23.133] 23.181 23-229 | 23.277 | 23.325 | 23.374 23. 2 
| | : 23.422 
200 | 23.470] 23.519 | 23.568 | 23.616] 23.665 | 23.7 
7 519 | 23.568 | 23. 23.005 | 23.714] 23.763| 23.812] 23.861] o 
200 23-959 |24.009 24.058 24.108 24.157| 24.207 ee ae Ses Be 
202 2 -457 [24.507 24.557 24.608 | 24.658 | 24.709 | 24.759| 24.810 24.861] 2 re 
ae 2 -963 25.014) 25 065 25.116) 25.168] 25.219|25.271| 25.322 25.374 25.426 
204 |25.478|25.530/25 582 | 25.634 25.686) 25.738) 25.791] 25.843 25.806 25-048 
205 | 26.001 | 26.054 | 26.107 | 26.160| 26.21 
054 | 26.107 | 26. 26.213 | 26.266 | 26.319 | 26.373 | 26.426] 2 
he 26.534 20.587 20.641 20.695 | 26.749 | 26.803 | 26.857 ae ee pe 
oe gS ore 27.184 27 -239 | 27 .204| 27 .349 | 27.404] 27.460 | 27.515 27.570 
ae spaeee 270 : 22-737 27 793 |2 848 | 27 .904| 27.960] 28.016 28.073] 28. 12 
20.105 | 20.242 | 28.298 | 28.355 | 28.412 | 28.469 | 28.526] 28.583 28 .640 | 28.697 
210 =| 28.754] 28.812 | 28.869 | 28.927 5 
28.754| 28.812 | 28. 28.927 | 28.985 | 29.042] 29.100] 29.158 2 275 
211 4 333 29-391 | 29.450. 29.508] 29.567 | 29.626 | 29.685 | 2 pane pPe 30 be 
ora oe at tere os 30.100 | 30.159 | 30.219 | 30.279 | 30.330 | 30.3090 30.459 
2 5 oigts 040 | 30.70I | 30.761 | 30.822 | 30.883 | 30.944 | 31.00 
: a 4 O 06) 
14 |31-127) 31.199| 31.250 | 31.311] 31.373] 31.435 31.497 | 31-559 31 621 : 683 
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TaBLe 127. 145 
DETERMINATION OF HEIGHTS BY THE BAROMETER. 


Formula of Babinet: Z = C 3 + 4 


C (in feet) = 524094 [« + any E64 | English measures. 


goo 


C (in meters) = 16000 [: + Wee] metric measures. 
1000 


In which Z = difference of height of two stations in feet or meters. 
Bo, B = bayometric readings at the lower and upper stations respectively, corrected for all 
sources of instrumental error. 
7%, = air temperatures at the lower and upper stations respectively. 


Values of C. 


ENGLISH MEASURES. Metric MEASURES. 


2 (4 +2). Log C 2 (%+2). c Log C 


Fahr. ; Meters. 
10°, 4.698 34 15360 4.18639 
15 :70339 : 15488 -19000 
15616 19357 
20 : 15744 -19712 
25 . 15872 -20063 


30 4 16000 4.20412 
3 : 16128 
; 16256 
40 UP Aiiy) 16354 
45 732 16512 


4.73715 16640 
74177 2 16768 
16896 
4-74633 17024 
.7.5085 17152 


bb bbb 


WON NN 


4.75532 17280 
‘75975 17408 
17536 
4.76413 17064 
-70847 17792 


4.77276 17920 
77702 18048 

/ 18176 

4.78123 18304 


aon 


bb bw 


Values only approximate. Not good for great altitudes. A more accurate formula with 
corresponding tables may be found in Smithsonian Meteorological Tables. 
. 
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TABLE 128. 
VELOCITY OF SOUND IN SOLIDS. 


The velocity of sounds in solids varies as VE/p, where E is Young’s Modulus of elasticity and p the 
density. These constants for most of the materials given in this table vary through a somewhat 
wide range, and hence the numbers can only be,taken as rough approximations to the velocity 

When temperatures are not marked, between to 


146 


which may be obtained in any particular case. 


and 20° is to be understood. 


Substance. 


Velocity in 
meters per 
second. 


Velocity in 
feet per 
second. 


Authority. 


Metals: Aluminum 
Brass 
Cadmium . 
Cobalt 
Copper 


“ 


Gold (soft) 
<((hard) 


Tron and soft steel 


Tron 
“ 


. 


6 


“ cast steel 

“ “ “ 
Lead . 
Magnesium 
Nickel 
Palladium . 
Platinum 


“ 
“ 


Silver 


Tin 
Zinc 
Various: Brick , 

Clay rock 
Cork 
Granite 
Marble 
Parattin 
Slate 
Tallow 
Wurst 


Glass 


Ivor 


“ 


“ 
Wax 
“ 


“ 


“ 


Beech, along 


sO pukoyates 
“ee 


“ 


Maple af 
Oak 

Pine 

Poplar 
Sycamore 


Vulcanized rubber 


Woods: Ash, along the fibre . 
across the rings 
along the rings 


** across the rings 


Elm, along the fibre 
across the rings 
along the rings 
Fir, along the fibre . 


5104 
3500 
2307 
4724 
3560 
3290 
2950 
1743 
2100 
5000 
5130 
332) 
4720 
4229 
4799 
1227 
4602 
4973 
3150 
2690 
2570 
2460 
2610 
2640 
2500 
3700 
3652 
3480 

500 
3959 
3810 
1304 
4510 


(black) 
OH (pascal) 


“c 


the fibre 


the rings 


16740 
11480 
757° 
15500 
11670 
10800 
9690 
5717 
6890 
16410 
16820 
17390 
15480 
16360 
15710 
OE 
15100 
16320 
10340 
8815 
8437 
8079 
$553 
8658 
8200 
T2140 
11980 
11420 
1640 
12960 
12500 
4280 
14800 
1280 
2859 
160410 
19690 
98386 
177 
102 
226 
III 
2890 
1450 
15310 
4570 
4140 
10960 | 
6030 
4640 
13516 
4665 
3334 
15220 
13470 
12620 
10900 
14050 
14640 


Masson. 
Various. 


| Masson. 


Wertheim. 
“ 
“ 


“ 


Various. 


“ec 


| Wertheim. 


Melde. 
Masson. 
Various. 


‘ Wertheim. 
“ce 


iy 


| Gray & Milne. 


Stefan. 
Gray & Milne. 


Warburg. 


| Gray & Milne. 


Warburg. 
Gray & Milne. 


| Various. 


“ 


Ciccone & Campanile. 
Exner. 


“ 
“ 


“ 


Stefan. 
“ 


Wertheim. 


“ 
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| 147 
VELOCITY OF SOUND IN LIQUIDS AND GASES. 

For gases, the velocity of sound=V/,P/p, where P is the pressure, p the density, and ¥y the ratio of 
specific heat at constant pressure to that at constant volume (see Table 253). For moderate tem- 
perature changes V,=Vo(1+at) where a=0.00367. The velocity of sound in tubes increases with 


the diameter up to the free-air value as a limit. The values from ammonia to methane inclusive are 
for closed tubes. 


s Velocity in| Velocity in 
Substance. meters per| feet per Authority. 
second. second. 
Liquids: Alcohol, 95 % 1241. 4072. Dorsing, 1908. 
he ; ‘ 1213. 3080. ss 
Ammonia, conc. 1663. 5456. 6 
Benzol . ' , 1166. 3820. at 
Carbon bisulphide . 1161. 3809. : 
Chloroform : 083 - 3225. 4 
Ether : : 1032. 3386. ss 
NaCl, 10% sol. 1470. 4823. mh 
TS one 1530. 5020. “¢ 
eee 2095 tas 1650. 5414. if 
Turpentine oil. 1326. 4351. af 
Water, air-free 1441. 4728. Hs 
at 1461. 4794. 5, 
PRE ae 1505. 4938. i 
Lake Geneva 1435. 4708. Colladon-Sturm. 
Seine river . 1437. 4714. Wertheim. 
“ “6 “ 1528. 5013. “ 
< iy 4 172A 5657. 
Explosive waves in water: 
Guncotton, 9 ounces 1732. 5680. Threlfall, Adair, 
5 TO lee 1775. 5820. 1889, see Bar- 
. ites 3 1942. 6372. ton’s Sound, p. 
S oye oS ; 2013. 6600. 518. 
Gases: Air, dry, CO.-free 331.78 1088.5 | Rowland. 
“ 2 331.36 1087.1 Violle, 1900. 
a CO -1ree 331.92 1089.0 | Thiesen, 1908. 
oe I atmosphere . Bane 1088. Mean. 
25 oe 332.0 1089. “ (Witkowski). 
“6 50 Sows 334.7 1098. “ “ 
SELON ¥ 350.6 1150. - a 
ve 344. 1129. 
‘— 380. 1266. Stevens. 
: 553. 1814. ¥ 
i 0 c : 700. 2207. ff 
Explosive waves in air: 
Charge of powder, 0.24 gms. 330. 1102. Wiolle: Cones ine 
3-80 “ 590: 1640. tern. Phys. 1 
se uf Cena AO 931. 3060. 243, 1900 , 
& us te erigastey ~% 1268. 4160. ! : 
Ammonia . d : (0) 415. 1361. Masson. 
Carbon monoxid Oo. 337.1 1106. Wullner. 

st jeeages Oo, 337.4 1107. Dulong. 

dioxide. Oo. 258.0 846. Brockendahl, 1906. 

«  disulphid Oo, 189. 620. Masson. 
Chlorine . : 0. 206.4 677. Martini. 

Viet : : Oo, 205.3 674. Strecker. 
Ethylene 0, 314. 1030. Dulong. 
Hydrogen . Oo. 1269.5 4165. 4 

ce : , 0, 1286.4. 4221. Zoch, 
Illuminating gas Oo. 490.4 1609. : 

Methane 0. 432. 1417. Masson. 
Nitric oxide O. 325. 1066. ¢ 
Nitrous oxide O. 261.8 850. Dulong. 
Oxygen Oo. Bie 1041. a 
Vapors: Alcohol oO. 230.6 750. Masson, 
Ether O. 179.2 588 Ss 
Water 0. 401. 1315. 
ime 100. 404.8 1328. Treitz, 1903. 
alae 130 424.4 1392 s 
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148 TaB_es 130-131. : 
MUSICAL SCALES. 


The pitch relations between two notes may be expressed precisely (1) by the ratio of their vibra- 
tion frequencies; (z) by the number of equally-tempered semitones between them (E. S.); also, less 
conveniently, (3) by the common logarithm of the ratio in (1); (4) by the lengths of the two portions 
of the tense string which will furnish the notes; and (5) in terms of the octave as unity. The ratio 
in (4) is the reciprocal of that in (a); the number for (5) is 1/12 of that for (2); the number for 
(2) is nearly 40 times that for (3). 

Table 130 gives data for the middle octave, including vibration frequencies for three standards of 
pitch; As=435 double vibrations per second, is the international standard and was adopted by the 
American Piano Manufacturers’ Association. The “‘ just-diatonic scale’? of C-major is usually 
deduced, following Chladni, from the ratios of the three perfect major triads reduced to one 

6 


octave, thus: 4 ; 5 s 
4 ; 5 3 £6 4 tia 5 6 
ay A (@ E G B D 
16 20 24 30 36 45 54 


249527 © 301) ©3230 74007450148 

Other equivalent ratios and their values in E. S. are given in Table 131. By transferring D to the 
left and using the ratio 10: 12: 15 the scale of A-minor is obtained, which agrees with that of C-major 
except that D=26 2/3. Nearly the same ratios are obtained from a series of harmonics beginning 
with the eighth; also by taking 12 successive perfect or Pythagorean fifths or fourths and reducing 
to one octave. Such calculations are most easily made by adding and subtracting intervals expressed 
in E. S. The notes needed to furnish a just major scale in other keys may be found by successive 
transpositions by fifths or fourths as shown in Table 131. Disregarding the usually negligible differ- 
ence of o.o2 E. S., the table gives the 24 notes to the octave required in the simplest enharmonic 
organ; the notes fall into pairs that differ by a comma, 0.22 E. S. The line “‘ mean tone” is based 
on Dom Bedos’ rule for tuning the organ (1746). The tables have been checked by the data in 
Ellis’ Helmholtz’s ‘Sensations of Tone.” 

ey 


TABLE 130. 
‘ Interval. Ratios. | Logarithms. Number of double Vibrations per second. 
Note. | 
Tem- Tem- Tem- Tem- | Tem- | Tem- 
: Just. “fs tte Just. pered. || J4St | pered. Just. | Just.) Just. pered- | pered. | pered 
DAS hs Se 
Cg Oe (o} 1.00 1.00000 |} .0000 -00000 256 264| 258.7 | 258.7| 261.6| 271.1 
34 1.05926 -02509 274-0 | 277.2| 287.3 
Dg | 2.04 2 I.125 | 1.12246 || .05115 | .05017 || 288 297 | 291.0] 290.3] 293-7| 304-3 
. 3 1.18921 -07526 | 307.6; 35a 23) = 322.4 
Eg | 3.86 4 1.25 | 1.25992 || -og691 | .10034 || 320 330 | 323-4] 325-9| 329.6 | 341.6 
(Fz | 4.98 5 1.33 1.33484 || -12494 | -12543 ||. 341-3 | 352] 344-9] 345-3] 349.2| 361-9 | 
6 1.4142i | + 15051 365.8 | 370-0] 383.4 | 
/ Gg 7.02. 7 I-50 1.49831 || .17609 | .17560 || 384 396 | 388 387-5 | 392.0] 406.2 
8 1.58740 20069 410.6] 415.3 | 430.4 
Ag 8.84 9 1.67 1.68179 |) .22185 | .22577 || 426.7| 440] 431.1 | 435-0| 440.0] 456.0 | 
10 1.78180 -25086 460.9] 446.2| 483.1 | 
Bg } 10.88 II 1.875 | 1.88775 || .27300 | .27504 || 480 495 | 485.0] 488.3] 493.9] 512.8 | 
C4, | 12.00 12 2.00 2.00000 || .30103 | -30103 512 52814) 517.3)) Si7=sal g23-20| Saaeg 
TABLE 131, 


Key of 


II.10 
10.88 
II.10 
10.88 
II.10 
10.88 
II.1I0 
10.88 
10.88 | 
10.88 | 
10.88 
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Harmonic Series 


Cycle of fifths 
Cycle of fourths 
Mean tone 
{qual 7 step 
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TABLES 132-135. 
MISCELLANEOUS SOUND DATA. 


TABLE 132.— A Fundamental Tone, Its Harmonics (Overtones) and the Nearest 
Tone of the Equal-tempered Scale. 
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INOS OU partial sae amineeek Lone oe I 2 3 
Frequency bam cn.cceetie cis) snr 2 2590 | 388 
Nearest tempered note............ c Cc G 
Corresponding frequency.......... 250 388 


ING Mol partiale sw icesk ee dacs ssc we Ir I2 13 
BPiretmrenGrey ee erect nna ccc 1423 | 1552 | 1681 
Nearest tempered note............ Gb G G# 

Corresponding frequency.......... 1463 | 1550 | 1642 


Nore. — Overtones of frequencies not exact multiples of the fundamental are sometimes called inharmonic partials. 


TABLE 133.— Relative Strength of the Partials in Various Musical Instruments. 


: mre values given are for tones of medium loudness. Individual tones vary greatly in quality and, therefore, in 
oudness. 


Strength of partials in per cent of total tone strength. 


Instrument. 
6 7 


Tuning fork on box. . 


li! 


An of Oo | | 
H 
& HU 


TABLE 134. — Characteristics of the Vowels. 


The larynx generates a fundamental tone of a chosen pitch with some 20 partials, usually of low intensity. The 
particular partial, or partials, most nearly in unison with the mouth cavity is greatly strengthened by resonance. Each 
vowel, for a given mouth, is characterized by a particular fixed pitch, or pitches, of resonance corresponding to that 
vowel’s definite form of mouth cavity. These pitches may be judged by whispering the vowels. It is difficult to sing 
vowels true above the corresponding pitches. The greater part of the energy or loudness of a vowel of a chosen pitch 
is in those partials reinforced by resonance. The vowels may be divided into two classes, — the first having one char- 
acteristic resonance region, the second, two. The representative pitches of maximum resonance of a mouth cavity 
for selected vowels in each group are given in the following table. 


Vowel indicated by italics in Pitch of maxi- Vowel indicated by italics in Pitch of maxi- 
the words. mum resonance. the words. mum resonance. 


father, far, gio add, 800 and 1840 
raw, fall, ; 732 feather, 6or and 1953 
no, rode, 401 bait, 488 and 2461 
gloom, move, 326 pique, 308 and 3100 


TABLE 135.— Miscellaneous Sound Data. 


Koenig’s temperature coefficient for the frequency () of forks is nearly the same for all pitches. mn, = 
m(x — o.o00r1f° C), Ann. d. Phys. 9, p. 408, 1880. 

Vibration frequencies for continuous sound sensations are practically the same as for continuous light sensat’on, 
Io or more per second. Helmholtz’ value of 32 per sec. may be taken as the flicker value for the ear. Moving pictures 
use 16 or more per sec. For light the number varies with the intensity. 

Pitch limits of voice: 60 to 1200 vibrations per second. 

Piano pitch limits: 27.2 to 4138.4 v. per sec. (over 7 octaves). 

Organ pitch limits: 16 (32 ft. pipe), sometimes 8 (64 ft.) to 4138 (1% in.) (9 octaves). 

Ear can detect frequencies of 20,000 to 30,000 vy. per sec. Koenig, by means of dust figures, measured sounds from 
steel forks with frequencies up to 90,000. 

The quality of a musical tone depends solely on the number and relative strength of its partials (simple tones) and 
probably not at all on their phases. 

The wave-lengths of sound issuing from a closed pipe of length LZ are 4L, 4L/3, 4L/5, etc., and from an open pipe, 
2L, 2L/2, 2L/3, etc. The end correction for a pipe with a flange is such that the antinode is 0.82 X radius of pige 
beyond the end; with no flange the correction is 0.57 X radius of pipe. 

Theenergy of a pure sine wave is proportional to #242; the energy per cm? is on the average 2p7?U2A?/\2;_ the energ 
passing per sec. through x cm? perpendicular to direction of propagation is 2o7?U3A2/)\?; the pressure is }(y + 1) 
(average energy per cm); where » is the vibration number per sec., A the wave-length, A the amplitude, V the veloc- 
ity of sound, p the density of the medium, ¥ the specific heat ratio. Altberg (Ann. d. Phys. 11, p. 405, 1903) measured 
sound-wave pressures of the order of 0.24 dynes/cm? = 0.00018 mm Hg. 
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TABLES 136-137. 
TABLE 136. — Aerodynamics. 


Kinetics or Bopies In Resistinc MEpIum. 
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The differential equation of a body falling in a resisting medium is du/dt = g — ku. The ve- 


locity tends asymptotically to a certain terminal velocity, V = Vv g/k. Integration gives u = 
y-tanh (gt/v), x = log cosh (gt/v) if w=x=t=0. 

When body is projected upwards, du/dt = —g — ku, and if uo is velocity of projection, then 
tan w/v = tan (u0/V) — gt/V, « = (V2/2g) log (V2 + m0?) (V2 + 2). The particle comes to 
rest when ¢ = (V/g) tan (aw0/V) and x = (V2/2g) log (1 — 20?/V?). 

For small velocities the resistance is more nearly proportional to the velocity. 


Stokes’ Law for the rate of fall of a spherical drop of radius a under gravity g gives for the 
velocity, 2, 


2ga 
v=——(d — p), 
ay p) 


where o and p are the densities of the drop and the medium, 7 the viscosity of the medium. 
This depends on five assumptions: (1) that the sphere is large compared to the inhomogeneities 
of the medium; (2) that it falls as in a medium of unlimited extent; (3) that it is smooth and 
rigid; (4) that there is no slipping of the medium over its surface; (5) that its velocity is so 
small that the resistance is all due to the viscosity of the medium and not to the inertia of the 
latter. Because of 5, the law does not hold unless the radius of the sphere is small compared 
with 7/vp (critical radius). Arnold showed that a must be less than 0.6 this radius. 

If the medium is contained in a circular cylinder of radius R and length L, Ladenburg showed 
that the following formula is applicable (Ann. d. Phys. 22, 287, 1907, 23, 447, 1908): 


ae ga>(o — p) : 
~ go H(t + 2.4a/R) (1 + 3.1a/L) 


As the spheres diminish in size the medium behaves as #f inhomogeneous because of its molec- 
ular structure, and the velocity becomes a function of //a, where / is the mean free path of the 
molecules. Stokes’ formula should then be modified by the addition of a factor, viz.: 


where A is 0.874; the last factor may be replaced by 1 + b/pa, where b is 0.000625, ain cm and p 
the barometric pressure in cm of Hg at 25°C. (See chapter V, Millikan, The Electron, 1917.) 


TABLE 137.— Flow of Gases through Tubes. 


S(cm/sec) = 12,200D/L, where S = max. speed at which gas (at pressure of gas in vessel being 
exhausted) may be exhausted through tube D cm in diameter and Z cm in length. (Knudsen 
Ann. d. Phys. 28, 76, 1909.) : 

When the velocity of flow of a gas is below a critical value, depending on the density and 
viscosity and on the diameter of the tube, the gas moves in stream lines parallel to the axis of 
the tube. Above this critical velocity the stream lines disappear and the flow becomes turbulent. 
The critical velocity V. = kn/pr for small pipes up to, say, 5 cm diameter, where K is a constant 
p the gas density, 7 the gas viscosity and 7 the tube radius. When these are in cgs units, k is 
1o* in round numbers. Below the critical velocity the pressure drop along the tube is pfopor- 
tional to the velocity of gas flow. Above the critical velocity the pressure drop is practically 
proportional to the square of the velocity. (Munitions Research Lab., University College 
London, 1918.) ‘ 
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TABLES 138-139. T 5 I 


AERODYNAMICS. 


TABLE 138. — Air Pressures upon Large Square Normal Planes at Different Breeds 
through the Air. 


The resistance F of a body of fixed shape and presentation moving through a fluid may be written 
F = pL’vf(LV/v) 


in which p denotes the fluid density, v the kinematic viscosity, L a linear dimension of the body, V the speed of trans- 
lation. In general f is not constant, even for constant conditions of the fluid, but is practically so for normal impact 
on a plane of fixed size. In the following, p is taken as 1.230 g/l (.0768 lbs. /ft8). 
The mean pressure on thin square plates of 1.1 m? (12 ft?), or over, moving normally through air of standard density 
at ordinary transportation speeds may be written P = “00600 for P/in kg per m? and v in km per hour, or P = .003222 
-for P in lbs. per ft? and v inmiles per hour. The following values are computed from this formula. For smaller areas 
the correction factors as given in the succeeding table (Table 139) derived from experiments made at the British National 
Physical Laboratory, may be applied. A 
Units: the first of each group of three columns gives the velocity; the second, the corresponding pressure in kg/m? 
when the first column is taken as km per hour; the third in pds/ft? when in miles per hour. 


Pressure. Pressure. Pressure. Pressure. 
Veloc- Veloc- 
ity. 3 e ity. 
Metric. | English. Metric. | English. Metric. | English. Metric. | English. 


. 60 


-09 
.58 
509 
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TABLE 139.— Correction Factor for Small Square Normal Planes. 


The values of Table 138 are to be multiplied by the following factors when the area of the surface is less than about 
I m? (12 ft?). 


Metric. English. 


Factor. Area. 


eo 
A 
© 
= 
* 
& 


Factor. 


.842 
857 
884 
889 
896 
O17 
930 
943 


845 
205 

884 
890 
808 
-919 
933 
.950 


foONHOO0O 
00000000 
HO)0 0:0°0' OO 
PwWwNHHOODOOO 
00000000 
+10 0.00 000 


(ooh Lo} Key (oe) Lo o}o} 
990090000 


SMITHSONIAN TABLES. 


TABLES 140-142. 
AERODYNAMICS. 


TABLE 140. — Effect of Aspect Ratio upon Normal Plane Pressure (Eiffel). 


ay) 


The mean pressure on a rectangular plane varies with the “aspect ratio,” a name introduced 
by Langley to denote the ratio of the length of the leading edge to the chord length. The effect 
of aspect ratio on normally moving rectangular plates is given in the following table, derived 
from Eiffel’s experiments. 


Aspect ratio I.00|1.5 |3.00|6.00/10.000]14. 60|20.00/30.00/41 . 500/50.00 


Pressure on rectangle 
Pressure on square 


I.O0/I.04/1.07/1. 10} 1.145] 1.25] 1.34] 1.40} 1.435] 2.47 


TABLE 141.— Ratio of Pressures on Inclined and Normal Planes. 


_ The pressure on a slightly inclined plane is proportional to the angle of incidence a, and 
is given by the formula Pa = c-Ps9a. The value of c, which is constant for incidences up to about 
12°, is given for various aspect ratios. The angle of incidence is taken in degrees. 


Aspect ratio 3 4 5 6 7 8 9 10 


Value of ¢ Bee eA eg Oe de geae Ogee ta 


TABLE 142. — Skin Friction. 


The skin friction on an even rectangular plate moving edgewise through ordinary air is given 
by Zahm’s equation, , 
F (kg/m?) 0.00030{ A (m?) }%{ V(km/hr.) }1-8§ in metric units 
or F(pds./ft.2) = 0.0000082 {A (ft.?) }° { V (ft./sec.) } 1:36, 


where A is the surface area and V the speed of the plane. The following table gives the friction 
per unit area on one side of a plate. 


Skin friction. Skin friction. 
Kg per sq. m. Speed. Lbs. per sq. ft. 
Plane. Plane. 


rm long. 32m long. miles/hr. : I ft. long. 32 ft. long. 


.0059 
.0217 
0404 


.0047 
Fon7r 
0364 
.002 


.00026 
. 00095 
. 00202 


- 00345 
. 00530 


. 00033 
.OOI2T 
.00258 
- 00439 
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.0074 
.O125 
.O1Q2 
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TABLES 143-145. it 
AERODYNAMICS. 53 
The following tables, based on Eiffel, show the variation of the resistance coefficient K, with 
the angle of impact 7, the aspect (ratio of leading edge to chord length), shape and velocity V 


in the formula 
R(kg/m?) = KS(m?) {V(m/sec.)}? 
The value of K for km/hour would be 0.77 times greater. 
TABLE 143.— Variation of Air Resistance with Aspect and Angle. 


Values of 7. Max. ratio. 


Size of plane. 


Value. 


135 ek QOLCT Nae = 
It 3d Gy Comma a eee 
2hpxeos (Cie... 
BOR BS CM sari: 
uneasy (Cnnli Wa 5 
QO CSIC see 
GORSTONCM ene tats 
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TABLE 144. — Variation of Air Resistance with Shape and Size. 


Cylinder, base | to wind: iene, jun sie Bee AR (ore IR iro 
Diameter of base, 30 cm IS sey <el0 sOR5 cok! =s — — 
Diameter of base, 15 cm Ke 5 II) OSS cOHis OH sOHiG Ox) 
Cylinder, base || to wind: diameter base, 15 cm, length, 60 cm K = .o4o 
Cylinder, base || to wind: diameter base, 3 cm, length, 100 cm K = .o60 
Cone, angle 60°, diam. base, 40 cm, point to wind, solid IK S OBZ 
Cone, angle 30°, diam. base, 40 cm, point to wind, solid K = .025 
Sphere, 25 cm diam. K = .o11 
Hemisphere, same diam., convex to wind IK = .@u 
Hemisphere, same diam., concave to wind K = .083 
Sphero-conic body, diam., 20 cm, cone 20°, point forward K = .o10 
- Sphero-conic body, diam., 20 cm, cone 20°, point to rear IRE SOR 
Cylinder, 120 cm long, spherical ends to wind K = .012 


The wind velocity for the values of this table was 10 m/sec. 
Tables 143 and 144 were taken from ‘“‘The Resistance of the Air and Aviation,” Eiffel, trans- 
lated by Hunsaker, 1913. 


*Tn the case of these cylinders the percentages due to skin friction are 2, 3, 6, 8, 11 and 16 
per cent respectively, excluding the disk. 
TABLE 145.— Variation of Air Resistance with Shape, Size and Speed. 


This table shows the peculiar drop in air resistance for speeds greater than 4 to 12 meters per 
second. Another change occurs when the velocity approaches that of sound. 


Values of K. 


Shape. 
| Speed, m/sec. 4 Io 12 14 


Sphere, 16.2 cm diameter 

Sphere, 24.4 cm diameter 

Sphere, 33 cm diameter 

Concave cup, 25 cm diameter 

Convex cup, 25 cm diameter 

Disk, 25 cm diameter 

Cylinder 
element | to wind, d = 15 cm,/ = 15. 
element | to wind, 30 20: 
element | to wind, 15 7. 
element | to wind, 15 12. 
element | to wind, 15 22. 
element || to wind, 15 10S. 

Spherical ends, I5 T20) 


Taken from ‘‘Nouvelles Recherches sur la résistance de l’air et ’aviation,” Eiffel, 1914. 
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154 ; TaBLes 146-148. 
TABLE 146, —Friction. 


The required force F necessary to just move an object along a horizontal plane =/SfN where N is the normal pressure 
on the plane and / the “coefficient of friction.”” The angle of repose ® (tan ® = F/N) is the angle at which the 
plane must be tilted before the object will move from its own weight. The following table of coefficients was com- 
piled by Rankine from the results of General Morin and other authorities and is sufficient for ordinary purposes. 


Material. 


Wood on wood, dry. 4 : : : , .25-. 4-00-2.00 
“ “ce iT3 soapy ; 
Metals on oak, dry 
“ “cc “ wet 
am SOADY, : 0 6 “ : 
« elm, dry : : . : . : .20-. 5-00-4.00 
Hemp on oak, dry : : : ; : ; 1.89 
“ “c “ wet ; 2 Ps 
Leather on oak. 2 
s “ metals, dry . 
mEVCUT: 
“greasy 
i oily : 5 
Metals on metals, dry . ; : A 
fe s * wet . é 5 “ 
Smooth surfaces, occasionally greased . 
ss fe continually greased 
a . best results far 
Steel on agate, dry* . 
6c “ “cc oiled * 3 
Iron on stone : 

Wood onstone . : ° ees : : 
Masonry and brick work, dry 2 : : - .60-. : : 33-0-35-0 
% Be oes «damp mortar 2 3 : P 36.5 
‘<“onndrysclayauur : : : : ; : 3 27.0 

e “ moist clay . : : : : é : , 18.25 
Earth on earth ¢ : : ; : : 3 14.0—45.0 
“dry sand, clay, and mixed earth . .38-. ‘ : 21.0-37-0 

damp clay . : c : 3 ; : 45-0 

wet clay : é A : é : ; 17.0 
shingle and gravel : : : : ; : : 39-0-48.0 


* Quoted from a paper by Jenkin and Ewing, “‘ Phil. Trans. R. S.’’ vol. 167. In this paper it is shown that in 
cases where “‘ static friction’’ exceeds “‘ kinetic friction’ there is a gradual increase of the coefficient of friction as the 
speed is reduced towards zero. 


TABLE 147,— Lubricants. 


The best lubricants are in general the following: Low temperatures, light mineral lubricating 
oils. Very great pressures, slow speeds, graphite, soapstone and other solid lubricants. Heavy 
pressures, slow speeds, ditto and lard, tallow and other greases. Heavy pressures and high speeds, 
sperm oil, castor oil, heavy mineral oils. Light pressures, high speeds, sperm, refined petroleum 
olive, rape, cottonseed. Ordinary machinery, lard oil, tallow oil, heavy mineral oils and the 
heavier vegetable oils. Steam cylinders, heavy mineral oils, lard, tallow. Watches and delicate 
mechanisms, clarified sperm, neat’s-foot, porpoise, olive and light mineral lubricating oils, 


TABLE 148, — Lubricants For Cutting Tools. 


Material. Turning. Chucking. Drilling. Maps Reaming. 


Tool Steel, dry or oil oil or s. w. oil oil lard oil 


Soft Steel, dry or soda water soda water oil or s. w. | oil lard oil 
Wrought iron dry or soda water soda water oil or s. w. | oil lard oil 
Cast iron, brass | dry dry dry dry dry 

Copper dry dry dry dry mixture 
Glass turpentine or kerosene 


‘ Mixture = 3¢ crude petroleum, 2% lard oil. Oil = sperm or lard. 
‘Tables 147 and 148 quoted from ‘Friction and Lost Work in Machinery and Mill Work,” Thurston, Wiley and Sons. 
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TABLES 149-151. 
VISCOSITY. 
TABLE 149. — Viscosity of Fluids and Solids. 


The coefficient of viscosity of a substance is the tangential force required to move a unit area of a plane surface 
with unit speed relative to another parallel plane surface from which it is separated by a layer a unit thick of the sub- 
stance. Viscosity measures the temporary rigidity it gives to the substance. The viscosity of fluids is generally meas- 
ured by the rate of flow of the fluid through a capillary tube the length of which is great in comparison with its diameter. 
The equation generally used is 


155 


4 “a 
M, the viscosity, = sete Cao (i eg ) 


es 


r28Q(1 + A) 
where ¥ is the density (g/cm), d and J are the diameter and length in cm of the tube, Q the volume in cm! discharged 
in ¢ sec., A the Couette correction which corrects the measured to the effective length of the tube, # the average head 


in cm, m the coefficient of kinetic energy correction, mv?/g, necessary for the loss of energy due to turbulent in distinc- 
tion from viscous flow, g being the acceleration of gravity (cm/sec/sec), v the mean velocity incm per sec. (See Tech- 
nologic Paper of the Bureau of Standards, roo and 112, Herschel, 1917-1918, for discussion of this correction and A.) 

The fluidity is the reciprocal of the absolute viscosity. The kinetic viscosity is the absolute viscosity divided by 
the density. Specific viscosity is the viscosity relative to that of some standard substance, generally water, at some 
definite temperature. The dimensions of viscosity are ML4T-. It is generally expressed in cgs units as dyne-seconds 
per cm? or poises. 

The viscosity of solids may be measured in relative terms by the damping of the oscillations of suspended wires 
(see Table 78). Ladenburg (1906) gives the viscosity of Venice turpentine at 18.3° as 1300 poises; Trouton and 
Andrews (1904) of pitch at 0°, 5t X 10!, at 15°, 1.3 X 10; of shoemakers’ wax at 8°, 4.7 X 105; of soda glass at 575°, 
Ir X 102; Deeley (1908) of glacier ice as 12 X 10!8, 


TABLE 150. — Viscosity of Water in Centipoises. Temperature Variation. 


Bingham and Jackson, Bulletin Bureau of Standards, 14, 75, 1917. 


Vis- 
cosity. 
cp 


+7921 
+7313 
-6728 
6191 


5074 


.5188 
24728 
-4284 
- 3860 
-3462 


© CONT QU pPonHO 


Vis- 
cosity. 
cp 


+3977 
Mayas 
- 2363 
. 2028 
.1709 


- 1404 
ELIE 
.0828 
+0559 
+0299 


Vis- 
cosity. 
cp 


.0050 
-9810 
-9579 
9358 
+9142 


8937 
-8737 
-8545 
.8360 
.8180 


Vis- 
cosity. 
cp 


. 8007 
.7840 
-7679 
+7523 
+7371 


.7225 
-7085 
6047 
- 6814 
.6685 


Vis- 
cosity. 
cp 


. 6560 
«6439 
6321 
.6207 
. 6097 


- 5988 
. 5883 
-5782 
- 5683 
-5588 


Vis- 
cosity. 
cp 


5494 
+5404, 
+5315 
- 5220 
- 5146 


. 5064 
4985 
- 4007 
- 4832 
-4759 


Vis- 
cosity. 
cp 


-4688 
+4355 
. 4001 
-3799 
- 3505 


+3355 
. 3105 
. 2004 
. 2838 
~x8r * 


* de Haas, 1894. Undercooled water: —2.10°, 1.33 cp} —4.70°, 2-12 cp} —6.20°, 2.25 cp; —8.48°, 2.46 cp; 


—9.30°, 2.55 cp; White, Twining, J. Amer. Ch. Soc., 50, 380, 1913. 


TABLE 151.— Viscosity 


of Alcohol-water Mixtures in Centipoises. 


Temperature Variation. 


OE OROE ACTS. 


Percentage by weight of ethyl alcohol. 


SMITHSONIAN TABLES. 


Same authority as preceding table. 


6 TABLES 152-154. 
15 VISCOSITY. 


TABLE 152. — Viscosity and Density of Sucrose in Aqueous Solution. 


See Scientific Paper 298, Bingham and Jackson, Bureau of Standards, 1917, and Technologic 
Paper too, Herschel, Bureau of Standards, 1917. 


nee hc : t 
Viscosity in centipoises. Density ds. 


Tempera Per cent sucrose by weight. Per cent sucrose by weight. 


20 40 29 40 


. 804 ; : : .08546 . 18349 
5 .56 : ; .08460 - 18192 
.652 : E : .08353 . 18020 
207 .468 F : .08233 . 17837 
.960 : : : .08094 .17648 


: B02 : : .07767 .17214 
-193 ; : 5 .07366 -16759 
-970 : : : .06898 . 16248 
. 808 .982 : : .06358 .15693 
685 


eke - ; Densities due to Plato. 


TABLE 153. — Viscosity and Density of Glycerol in Aqueous Solution (20°C). 


I0o X 
Den- Kine- 
sity. matic 
g/cm3 viscos- 
ity. 


% 
Glycerol. 


Leal 


.0098] I. TO) 
[O27 tes O4e |e 335 
-0337] 1. -529 
.O461| 1.84 . 705 
.0590| 2. 1055 
.0720] 2. 41 
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The kinematic viscosity is the ordinary viscosity in cgs units (poises) divided by the density. 


TABLE 154. — Viscosity and Density of Castor Oil (Temperature Variation). 


Density, 
g/cm 
Viscosity 
in poises. 
Kinematic 
viscosity. 
Viscosity | 
in poises 
Kinematic 
viscosity 
Viscosity 
in poises. 
Kinematic 
viscosity 
Viscosity 
in poises 
Kinematic 
viscosity. 
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Tables 153 and 154, taken from Technologic Paper r12, Bureau of Standards, ror8. Glycerol 
data due to Archbutt, Deeley and Gerlach; Castor Oil to-Kahlbaum and Raber. See preceding 
table for definition of kinematic viscosity. Archbutt and Deeley give for the density and viscosity 
of castor oil at 65.6° C, 0.9284 and 0.605, respectively; at 100° C, 0.9050 and 0.169. 
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TABLE 155. 
157 


VISCOSITY OF LIQUIDS. 


Viscosities are given in cgs units, dyne-seconds per cm?, or poises. 


Liquid. Viscosity. Liquid. Viscosity. 


00275 
00252 
00231 
oo172 
04467 
o156 
Oror 
0146 
.80 

-2 

.87 
-30 
04 
TOzES 
.222 
.092 
.OOOIT 


* Dark cylinder 324 
: 3 341 
156 
451 
331 
176 
o7I 
38 
075 
.840 
- 540 
303 
258 
24 


cb xtra 
“ 


H 
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«ek 


Linseed . 925 { 
i .922 


He 
OOOH OwBHNHRODODDAOIO0N 


80.31% H20.. 

64.05% H20.. 

49-79% H20.. 
Hydrogen, liquid 
Menthol, 


‘ec 


wb 
x 
H 
fe} 
ray 
i=) 


(another) 
(another) 
Soya bean .o1o9 t° 
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fe} 
a 
‘oO 


.o184 
.O166r 
-O1547 
-01476 
. 01263 
O10790 
00975 


CNS OMNI CENCHEN | 


00000000 


414 
25% 
080 
331 
.176 
.O71 
-453 


Dogfish-liver .923 f... 
og ton SOROS E6, 
ag See OOS 

Linseed .925 
i -922 


I 
i 
© 
2 
a 
3 
4 
4 
5 
6 
6 
6 
6 
6 
6 
6 
2 
7 
7 
8 
4 
4 
4 
4 
4 
4 
9 
9 
9 
9 
9 
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lta 
* Spindle oil OS R was. 
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000000000 
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Pentadecane 
.138 Hexadecane 
.342 
049 
915 
496 
058 
.172 
572 


"Ob wKOOCHHUHH KONO 
00000000000000 


* “ Solar red” engine. . 
icueumes 2 
ae ae “e . 


* “ Bayonne” engine.. 
« re 


* os $f . 
aa Queen’s red 2 engine 

“ee ‘ “ “c 
*“ Galena ” axle oil .. 
* te rramerri 


za Heavy machinery. fs 
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* Filtered cylinder. cee 


* Dark cylinder 
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* American mineral oils; based on water as .o1028 at 20°C. f Based on water as per ist footnote. + Densities. 

References: (1) Thorpe and Rodger, 1894-7; (2) Verschaffelt, Sc. Ab. 1917; (3) Wijkander, 1879; (4) Pliiss. 
Z. An. Ch. 93, 1915; (5) Metz, C. R. 1903; (6) Schéttner, Wien. Ber. 77, 1878, 79, 1870; (7) Heydweiller, W. Ann. 
63, 1897; (8) Koch, W. Ann. 14, 1881; (9) White, Bul. Bur. Fish. 32, 1912; (10) Archbutt-Deeley, Lubrication and 
Lubricants, 1912; (11) Higgins, Nat. Phys. Lab. 11, 1914; (12) Bartolli, Stracciati, 1885-6; (13) Scarpa, 1902-4; 
(14) Rotinganz, Z. Ph. Ch. 62, 1908. 
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TABLE 156. . } 
VISCOSITY OF LIQUIDS. 


Compiled from Landolt and Bérnstein, 1g1z. Based principally on work of Thorpe and 
Rogers, 1894-97. Viscosity given in centipoises. One centipoise = 0.01 dyne-second per cm?. 
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Viscosity in centipoises. a] 
Liguid. 
Formula. o° C | re%C| 2or1@)|s07 C402 Cai soniC l7omG Eroom.© 
ANGERS INGA ao as en CH,02 solid |2.247|1.784|1.460|1. 219|1.036]. 780]. 549 
Aceticn et fe neces C.oH,O2 | solid | solid |1.222|1.o40]0. go5\0. 796.631). 465 
IDRWINOMNGs volachooses- C3H,O. | 1.521/1.289]1. 102/0. Q60jo. 845]0. 752|.607|.459 
Butyriceecee se eter roe CyH 0, | 2.286/1.851]/1.540]1. 304|1.120]0.975]. 760]. 551 
CIBER AGKC a5 olen ooo ue CyH3O. | 1.887/1.568}1. 318|1. 129]0. g8ojo. 862]. 683]. 501 
Alcohols: Methyl........ CHO 0.817/0. Og0|0. 596/0. 520]0. 456]0. 403} — | — 
thy liter: See sree emer C.H,O I.772|1.466|1. 200]1. 003/0. 8340. 702]. 510] — 
lly ISSR es legis eroniaastt ie eet C3H.O 2.145]1. 705|1. 3603/1. 168]0.g14]o. 763}.553) — 
LOD yl meen ateee C3HsO 3883/2. 9182. 256/1.779|1.405|1. 130]. 760) — 
i-Propy lteter acces C3HsO 4.565|3.246|2.370|1.757/1.331|1.029].646| — 
IB UtyriGem er err ere CuHivO | 5.18613.873|2.948]2. 267|1. 782|1.411].930].540 
i-Butyticeec ee reee CuHoO | 8.038]/5.548/3.907|2.864|2.122/1.611| — |.52 
PATV | Ops aAGeeenn aac CsHy,0 |11.120|7. 425]5 09213. 594|2.607|1.937| — |-610 
Amyl, op. inact.........| CsHizO | 8.532/6.000]4. 34213. 207|2.415|1.851| — |.632 
ATOMAtICS=) BENnZOlleeera CoHe 0.9060. 763/0. 654/0. 56710. 498]0. 444]. 359) — 
EF Oluene Sees acrt eee eee C;Hs 0.772|0.67110. 590|0. 525|0.471|0. 426]. 354|.278 
ihylbenzZoley eae aaee CsHio 0.877|0. 7061/0. 669]/0. 594/0. 531]0. 470]. 397|-310 
Orthoxylencermereemere CsHio I. 105/0.937]0. 810|0. 7o9|0.627|0. 560]. 458].352 
| IMetamylenesen arene CgHio 0.8060. 702/0. 620/0. 55210. 497|0.451|. 375]|- 296 
Paraxylene eee: orem CsHio solid |o. 738]0. 648]0. 574/0. 513}0. 463}. 383].300 
Bromides:thylis se CoH;Br | 0.487]0. 44110. 40210. 368] — | — | — | — 
IRFODY ar atin ae te eee C3sH7Br | 0.651]0. 58210. 524/0. 47510. 433|0. 397]. 338] — 
Is TOD Yisee cera eee C3sH7Br | 0.611]0.545|0. 489)/0. 443]0.403]0. 368] — | — 
(All yla sere eres aaa C3sHsBr | 0.626]0. 560]0. 504/0. 458]0. 4190. 384]. 328] — 
Hithylene 7 yeu antec C.H.Br | 2.438]2.030|1. 721|I.475|1. 286|1. 131|.903].678 
Bromine isi\= tele e = Br I. 267/1.120]/1.005/0. g11]o. 830j0. 761] — | — 
Chlorides: Propyl........ CsH7Cl | 0.442]0.396]0. 3590/0. 326]0. 2909) — | — | — 
Pelli) bots Urorcertis tub cy ooo Becese Ceo Cle Wos4rslOns7olOs2a 7104307 |09902 | 5 ata 
HW chiyleneaeeeiert BB Se ci CoHuCl | 1.132/0. 9660. 838]0. 736/0.652/0. 584|.479| — 
Chicrotorn seer CHCl, 0. 706/0.633/0. 5712/0. 519|0.474|0.435] — |— | 
Carbon-tetra.......... COh I. 351|1.138]0.975|0. 848]o. 746]0. 662). 534) — 
thers Diet hy peer CiHipO | 0.20410. 268/0. 24510. 222) —— | —— | —— || —— 
Methyl-propyl......... CHO | 0.314]0. 2850. 260/0. 237) — }| — | — | — 
Ethyl-propyli 7. =... =; - CsHi2O | 0. 4021/0. 360]0. 324]0. 2904/0. 268}0. 245] — | — 
Dipropy leer ee CeHuO | 0.544/0. 4709/0. 425/0. 3810. 344/0. 311] — | — 
Esters: Methylformate...} C,HsO. | 0.436lo.391/0.355]0.325| — | — | — | — 
thy liormate sapien C;H,O ©. 510/0. 454/0. 408]0. 360]0. 336/0. 308] — }| — 
Miethylacetatee nnn. CsH6O2 | 0.484]0. 4310. 388]0. 3520. 320/0. 293| —. | — 
Ethylacetate........... C4iHs02 | 0.582/0. 51210. 4550. 40710. 367|0. 333|-2790| — 
odidesseNMicthivi ae semmaer CHI 0. 606]0. 548]0. 500j0. 460]0.424| — | — | — 
1 a sald Micercencet trou a mearroh | CoHI ©.727/0.654|0. 592]/0. 540]0. 495|0. 456]. 301 
fae ec acity kn aot rere Cae ©0.944/0.833]/0. 744]0. 6690/0. 607/0. 552]. 466]. 371 
Wi snafs, nick susie patevate scel kee. as 3H, ©.936|0. 826]o. 734/0. 660]0. 597/0 ‘ 
Parafiines: Pentane ...... CsHiz ae 0. 262 aes Se eee ek nee ss = 
IFMENLANC.. pe see eter CsHie ON2841Oy 21010, 234 eg ieee eee ce 
Hexanie SiGe igs eae tig O©.4010. 360)0. 326]/0. 296Jo. 27/0. 248] — | — 
i-Hexane. oHi4 ©. 376]0. 338/0. 306/0..279/0. 25410. 233] — | — 
Heptane Ste te eee eee 7thie ©.524/0. 465]0. 4176/0. 375|0. 3410. 310]. 262) — 
i-Heptanes,.a.enu aes 7t116 0.481/0. 42810. 384/0. 347]0. 315/0. 288]. 243 
Octane: supratcas Leese CsHis 0.706]0. 616]0..542/0. 483]0.433/0. 391|.324|. 252 
Sulphides: Carbon di-....] CS. 0.438]0.405|0. 376 0.352 ©. 330 — |— | — 
Eth] carbines eee CsHiS | 0.563]0. so1lo. 450/0. 407\0. 3690/0. 338]. 287} — 
ir p Entice re 2.248/1.783/1.487|1.272|1.071/0.926]. 728] — 


* Bureau of Standards, see special table. + Glaser. 
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TaBLe 157. 159 


VISCOSITY OF SOLUTIONS. 


This table is intended to show the effect of change of concentration and change of temperature on the viscosity of 
solutions of salts in water. The specific viscosity X roo is given for two or more densities and fur several tem- 
peratures in the case of each solution. jm stands for specific viscosity, and ¢ for temperature Centigrade. 


Percentage 
by weight 
of salt in 
solution. 


Density. Authority. 


7.60 ‘ : Sprung. 
15-40 S “ 
24-34 


“cc 


2.98 : : ; Wagner. 
5-24 . 6 “ 


15-17 eile E Sprung. 
31 .60 “ee 
39:75 
44.09 
Ca(NOs)2 17.55 

“ 30.10 
i 40.13 


CdCle 11.09 
y 16.30 
i 24.79 


Cd(NOs)2 7.81 
Me 15.71 

se 22.30 
CdSO4 7.14 
cr | 14.66 

ee 22.01 


CoClg 7.97 
“ 14.86 
s 22.27 


Co(NOs)e 8.28 
15.96 
“ec 24.53 


CoSOQ4 7.24 
cs 14.16 
$ 2.07. 


CuCl, 12.01 
se 21.35 
Py 33-93 


Cu(N Og) 18.99 
os 26.68 
i er orp 


CuSO4 6.79 
“ 12.57 
17-49 


8.14 
16.12 


23.04 


0.2 


3-55 


SMITHSONIAN TABLES. 


160 ; TABLE 157 (continued). 
VISCOSITY OF SOLUTIONS. 


Percentage 
Salt. Py oo Density. a eZ “& z B zt & ez Authority. 
solution. 
HNOs3 8.37 1.067 | 66.4] 15 || 54.8} 2 45-4| 35 || 37-6 45 Wagner. 
S 12.20 Te0LO} | -OOs5))) S7eautes AG RGN 40.7 : i 
- 28.31 Tele | CSOs Nese” al|OS- Gi) maeme NS ALOle sec nl A@.2 lane 
H2SO4 7.87 1.065 | 77.8] 15 || 61.0] 25 || 50.0) 35 |] 41-7] 45 és 
iL 15.50 TiO || ysl) & 75.01 | Mee imOCaGicn i AQ:0)) aos ji 
- 23.43 Ts2OO 22 7 Corr | a ae 6753): 
KCi 10.23 - 70.0| 10 || 46.1} 30 || 33-1] 50 - — | Sprung. 
& 22.21 ~ 70.0 48.6} “ BOA = = ce 
KBr 14.02 = 67.6] 10 || 44.8] 30 || 32-1 | 50 - | - ee 
ee : 23.16 - (ell © 44.7 é || 33-2 - - . 
ce 34.64 - (ens) 4720s es iB Segal ee - - 
KI 8.42 — | 69.5] I0 || 44.0] 30 || 31-3} 50 - - oe 
- 17.01 = 5:3) 2.OName BY-Aale = - a 
. 33:03 [POL MN AztO TE a BSA oe oH Oe p. 
45-98 — | 63.0) “ |] 45.2] “.]) 35.3 Salers 
ee 54.00 = 68.38} “ din a BO) a - - ce 
KC1O3 Baal - 71.7| 10 || 44.7| 30 || 31-5} 50 - ~ “ 
oe 5.69 ae. as “ 45-0 “ 31.4 “ec a, * « 
KNOg3 6.32 - 70.8 | 10 || 44.6} 30 || 31.8] 50 - |- es 
“c 12.19 2 68.7 “ 44.8 “ Ban ‘e es = ‘ 
“ 17.60 - 68.8] “ 46.0| “ Baa | ae - - a 
KeSO4 Ryity? - 77-4| 10 || 48.6] 30 || 34.3] 50 = = : 
3 9.77 - 81.0] & 52.0) EXONS) | - ~ ss 
KeCrO4 11.93 - 75-8] to || 62.5] 30 || 41-0] 40 ~ - fe 
v 19.61 - 85-3] “ 68.7 | * ly Rio)\) ~ Ala 
ts 24.26 | 1.233 | 97-5) “ || 74.5) “ || s4.5] “ — | + | Slotte. 
& 32.78 - TOO S| arcs 88.9} “ 246 —*| — | Sprung. 
KeCr207 4.71 | 1.032 | 72.6) 10 |] 55.9} 20 || 45.3] 30 || 37-5] 40 | Slotte. 
* 6.97 | 1.049°] 73-1) “|| s6.4) “|| 45.5] “ I 37.71 ie 
INCI 7.70 = 96.1] Io || 59.7] 30 || 41.2] 50 - — | Sprung. 
M 13-91 = eggs} ae 75 Ole S2i6) |e - - ts 
2 20.93 - 229.4)“ li\T42.0 © 98.0] * ~ - ts 
Mg(NOs)2 18.62 1.102 | 99.8) 15 || 81.3] 25 || 66.5| 35 || 56.2] 45 | Wagner. 
¥ 34.19 1.200) || 213-3) |" 164.4 | 132.4 FOO.9)}| F ad 
- 39:77 1.430 [317-0] ~ || 250.0). || ror.4) “ |jrs58.r} “ is 
MgsO4 4.98 - 96.2} 10 || 59.0] 30 || 40.9] 50 - — | Sprung. 
is 9-50 Se SBS I GAA Pls See =F |e cues 
i 19.32 = 302-23) St Ob.4) econ mob ollie ~ - “ 
MgCrO4 12.31 1.089 | 111.3] 10 || 84.8] 20 || 67.4] 30 || 55.0] 40 | Slotte. 
21.56 ToC OAs} O70) ease ec sat ee 99.0 79.4| “ & 
ic 27.71 1-217) 232.2) Ceo.) alae. Sea LOOLO) ss ee 
MnCle 8.01 1.096 RNa Ate | sy | Leb ees hy Vesgn 45 | Wagner. 
= 15-65 LLOG™ | 130.9) eaiodee ee ALO) 68.7. © “ 
a 30.33 153370250: cua Os eens ES SON ean | 2.370 | ee fe 
“ 40.13 | 1-453 [537-3] “ ||393-4] “ || 300.4] “ |1246.5] « a 
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TABLE 157 (continued). ee 
VISCOSITY OF SOLUTIONS. 


Percentage 


Pe — Density. Authority. 


solution. 


18.31 1.148 H ' 5 ; : Wagner. 
29.60 1.323 : : f 
49.31 1.506 


11.45 1.147 
18.80 1.255 


22.08 1.306 
7:95 = 


14.31 - 
23.22 - 


SEITE 
18.58 
27.27 


8.83 
17.15 
35:69 
55-47 


11.50 
20.59 
33-54 


7:25 
12.35 
18.20 
31-55 


4.98 
9.50 
14.03 
19.32 


5.76 
10.62 


iro | WO Nic 


SSSNOU A 
BWA UW © 


NN WU 


CON OAD OV ONO HA OD™ 
HTOODRD BRAK 


we HN OW 


(NH4)2SO4 


™ 

fe) 
Pe 
Xe) 


“ 
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Salt. 


(NH4)2CrO4 


“ 


6“ 


(NH4)2Cr20; 
“ 
NiCl. 
“ 
Ni(NOs)2 
“ 
NiSO,g 


“ 


Pb(NOs)2 


Sr(NOs)e 
ZnCl, 


“cc 


TABLE 157 (continued). 


VISCOSITY OF SOLUTIONS. 


Percentage 
by weight 
of salt in 
solution. 


10.52 


19.75 
28.04 


6.85 
13.00 
19-93 


11.45 
22.69 


30.40 


16.49 
30.01 


40.95 


10.62 
18.19 


23S) 


17-93 
82.22 


10.29 
21.19 
32.61 


15-33 
23-49 
33-78 


1595 


Zn(NOs)e 


“ce 


ZnSO4 


“ce 


30.23 
44.50 

Gah 
16.64 
23-09 


Density. 


Authority. 


1.063 
1.120 


Deg 


1.039 
1.078 
1.126 


1.109 
1.226 
Sey) 
1.136 


1.278 
1.388 


1.092 
1.198 
1.314 


1.179 
1.362 


Slotte. 
“ 
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TABLE 158. 163 
SPECIFIC VISCOSITY.* 


Normal svlution. 


oe 
3 
° 
of 
=| 
p 
=) 


Dissolved salt. 


5 pe Fi 08 FF 08 o 8 
® a ns a ae a ae ae 
Acids: ClOg_- «| 1.0562 | 1.012 | 1.0283 | 1.003 | 1.0143 | 1.000 0.999 | Reyher. 
HCl. ~ .| 1.0177 | 1.067 | r.0092 | 1.034 | 1 0045 | 1.017 1.009 a 
HC103 1.0485 | 1.052 | 1.0244 | 1.025 1.0126 | 1.014 1.006 6 
HNO; 1.0332 | 1.027 | 1.0168 | 1.011 | 1.0086 | 1.005 1,003 “é 
H2SO4 1.0303 | 1.090 | 1.0154 | 1.043] 1.0074 | 1.022 1.008 | Wagner. 


Aluminium sulphate | 1.0550 I ih: I I 038 
Barium chloride ee: ross 1.123 | 1.0441 | 1.057 | 1.0226 | 1.026 013 
“nitrate : = — | 1.0518 | 1.044 } 1.0259 | I.o21 
Calcium chloride «| 1.0446 | 1.156 1.0218 | 1.076] 1.0105 | 1.036 
w nitrat€ . . | 1.0596 | 1.117 | 1.0300 | 1.053] 1.0151 | 1.022 


Cadmium chloride . | 1.0779 } 1.134 | 1.0394 | 1.063 | 1.0197 | 1.031 

§ nitrate 1.0954 | 1.165 | 1.0479 | 1.074 | 1.0249 | 1.038 

s sulphate. | 1.0973 | 1.348 | 1.0487 | 1.157 | 1.0244 | 1.078 

Cobalt chloride . .| 1.0571 | 1.204] 1.0286 | 1.097 | 1.0144 | 1.048 

“nitrate 1.0728 | 1.166 | 1.0369 | 1.075 } 1.0184 | 1.032 
“sulphate . I The it 1.160 | 1 


Copper chloride . ite I 3 hy I 
Sy) nitrate 1.0755 | 1.179 | 1.0372 | I. 1.0185 | 1.040 
«sulphate 1.0790 | 1.358 | 1.0402 | 1.160 | 1.0205 | 1.080 
Lead nitrate 1.1380 | I.101 | 0.0699 | 1.042 | 1.0351 | 1.017 
Lithium chloride 1.0243 | 1.142 | 1.0129 | 1.066] 1.0062 | 1.031 
sulphate 16 Te) Ie I. I 1.005 


Magnesium chloride | 1 lip I I I. 
= nitrate . | 1.0512 | 1.171 ] 1.0259 | 1.082 | 1.0130 | 1.040 
ss sulphate | 1.0584 | 1.367 | 1.0297 | 1.164 | 1.0152 | 1.078 
Manganese chloride | 1.0513 | 1.209 | 1.0259 | 1.098 | 1.0125 | 1.048 
e nitrate 1.0690 | 1.183 ] 1.0349 | 1.087 | 1.0174 | 1.043 
os sulphate | 1.0728 | 1.364 | 1.0365 | 1.169 | 1.0179 | 1.076 037 


Nickel chloride . .| 1.0591 | 1.205 | 1.0308 | 1.097 | I.0144 | 1.044 1.021 c 
Suet Kate 1.0755 | 1.180 | 1.0381 | 1.084 | 1.0192 | 1.042 1.019 § 
(sulphates. 1.0773 | 1.361 | 1.0391 | 1.161 | 1.0198 | 1.075 1.032 ss 

Potassium chloride . | 1.0466 | 0.987 | 1.0235 | 0.987 | 1.0117 | 0.990 0.993 G 

ef chromate | 1.0935 | 1.113] 1.0475 | 1.053 | 1.0241 | 1.022 1.012 s 
se nitrate 1.0605 | 0.975 | 1.0305 | 0.952 | 1.0161 | 0.987 0.992 & 

s sulphate | 1.0664 | 1.105 | 1.0338 | 1.049 | 1.0170 | 1.021 1.008 es 
Sodium chloride . 1.0401 | 1.097 }| 1.0208 | 1.047 11.0107 | 1.02 1.013 | Reyher. 
“bromide. 1.0786 | 1.064 | 1.0396 | 1.030 ] 1.0190 | 1.015 1.008 e 
be chlorate  . | 1.0710 1.090 }| 1.0359 | 1.042 ] 1.0180 | 1.022 1.012 uw 
 eeenitnate 1.0554 | 1.065 | 1.0281 | 1.026} 1.0141 | 1.012 1.007 . 
Silver nitrate . 1.1386 | 1.058 ] 1.0692 | 1.020 | 1.0348 | 1.006 1.000 | Wagner. 


Strontium chloride . | 1.0676 | 1.141 | 1.0336 | 1.067 | 1.0171 | 1.034 1.014 ss 
a nitrate 1.0822 | 1.115] 1.0419 | 1.049 | 1.0208 | 1.02 I.O1I s 
Zinc chloride . . «| 1.0590 | 1.189 | 1.0302 | 1.096 | 1.0152 | 1.053 1.024 es 
“nitrate 1.0758 | 1.164] 1.0404 | 1.086] 1.0191 | 1.039 1.019 ss 
“sulphate . 1.0792 | 1.367 | 1.0402 | 1.173 | 1.0198 | 1.082 1.036 s 


* In the case of solutions of salts it has been found (vzde Arrhennius, Zeits. fiir Phys. Chem. vol. 1, p. 285) that 
the specific viscosity can, in many cases, be nearly expressed by the equation 4» =p”, where #, is the specific viscosity 
for a normal solution referred to the solvent at the same temperature, and z the number of gramme molecules in the 
solution under consideration, The same rule may of course be applied to solutions stated in percentages instead of 
gramme molecules. The table here given has been compiled from the results of Reyher (Zeits. ftir Phys. Chem. vol. 2, 
p- 749) and of Wagner (Zeits. fiir Phys. Chem. vol. 5, p. 31) and illustrates this rule. The numbers are all for 25° C 
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TABLE 159. 
VISCQSITY OF GASES AND VAPORS. 


The values of p given in the table are 10® times the coefficients of viscosity in C. G. S. units. 


164 


Substance. oC. Substance. 


| 
bd 
_ 
aS 


“NUON OOOORS OR RMORHOOS 


Ethyl chloride. . . . 
Ethyl iodide 


Alcohol, Methyl. ... 
Alcohol, Ethyl 
Alcohol, Propyl, 


WwWNHHH NHN H 
ODADHAWO OW 


Leal 


OOONNONWNH HHH WOMMDAAH HH NHN ONHMNNNN NW PS 


Alcohol, Isopropyl. . 
Alcohol, Butyl,norm. 
Alcohol, Isobutyl.. . 
Alcohol, Tert. butyl. 


RAOOWOO WOH HONHD' 


Lal 


Methyl chloride. . . 


“ec “ 


Methyl iodide. .... 
Nitrogen 


(73 


Carbon bisulphide. . 
Carbon dioxide. Roce 


6 Coli -—p nea 


AC00000000000fN~ 


“40900 
Sod 
H 


Leal 


HoH 


H\O FR HN™N 


HWHHBABRONNNDNOKH DADOUNUMNNAA AW WW WW 
H 


OKKROOOO00ORHO 
© OS0CONOONHHN 


Puluj, Wien. Ber. 69 (2), 1874. 9 Meyer-Schumann, Wied. Ann. 13, 188r. 
Breitenbach, Ann. Phys. 5, 1oor. 10 Jeans, assumed mean, 1916. 

Steudel, Wied. Ann. 16, 1882. 11 Rankine, toro. 

Graham, Philos. Trans. Lond. 1846, III. 12 Vogel (Eucken, Phys. Z. 14, 1913). For 
Schultze, Ann. Phys. (4), 5, 6, r90r. summaries see: Fisher, Phys. Rev. 24 
Schumann, Wied. Ann. 23, 1884. 1904; Chapman, Phil. Tr. A. arr, 
Obermayer, Wien. Ber. 71 (2a), 1875. tg1t;_ Gilchrist, Phys. Rev. 1, 1913. 
Koch, Wied. Ann. 14, 1881, 19, 1883. Schmidt, Ann. d. Phys. 30, 1900. 


CON Aun PW NH 


s Gilchrist’s value of the viscosity of air may be taken as the most accurate at present avail- 
able. His value at 20.2° C is 1.812 x 10°*. The temperature variation given by Holman (Phil. 
Mag. 1886) gives m = 1715.50 X 107/(1 + .00275¢ — .00000034/). See Phys. Rey. L, LoL. 
Millikan ees ee 4I, Ee oe gives for the most accurate value pM; = 0.0001r8240 — 
0.000000493(23 — when (23>t>12) whence [x =0. 8 % g iv 
anaes L20 ooo1809 + 0.1%. For flo he gives 

{ The values here given were calculated from Koch’s table i 
by the formula «= 489 [1 + 746(t — 270)]. Bice oo Cre 
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TABLE 160. 
VISCOSITY OF GASES. 


Variation of Viscosity with Pressure and Temperature. 


165 


According to the kinetic theory of gases the coefficient of viscosity uw = $(pcl), p being the 
density, ¢ the average velocity of the molecules, / the average path. Since / varies inversely 
as the number of molecules per unit volume, pl is a constant and pw should be independent of the 
density and pressure of a gas (Maxwell’s law). This has been found true for ordinary pressures; 
below ¢o atmosphere it may fail, and for certain gases it has been proved untrue for high pres- 
sures, e.¢., COz at 33° and above 50 atm. See Jeans, “ Dynamical Theory of Gases.” 

¢ depends only on the temperature and the molecular weight; viscosity should, therefore, 
increase with the pressures for gases. ¢ varies as the V7, but mu has been found to increase much 
more rapidly. Meyer’s formula, uy = Mo(t + at), where @ is a constant and py the viscosity at 
o° C, is a convenient approximate relation. Sutherland’s formula (Phil. Mag. 31, 1893). 

hye CHEE CY SEG 
Mt = Mo SE EC =) ? 
is the most accurate formula in use, taking in account the effect of molecular forces. It holds 
for temperatures above the critical and for pressures following approximately Boyle’s law. It 
may be thrown into the form T = KT? / — C which is linear in terms of T and T? /, with a 
slope equal to K and the ordinate intercept equal to —C. See Fisher, Phys. Rev. 24, 1907, 
from which most of the following table is taken. Onnes (see Jeans) shows that this formula does 
not represent Helium at low temperatures with anything like the accuracy of the simpler formula 
M = Mo(T/273.1)”. 

The following table contains the constants for the above three formulae, T being always the 

absolute temperature, Centigrade scale. 


Carbon mo- 


MOXIG@s 20. e2 Se 2O02 : Nitrogen 
Carbon dioxide : 5 Nitrous oxide, 
Chloroform... 
Kihylenesy 2. - 
elim per 
elites 


* The authorities for 7 are: Air, Rayleigh; Ar, Mean, Rayleigh, Schultze; CO, COQx, No, 
N,O, von Obermayer; Helium, Mean, Rayleigh, Schultze; 2d value, low temperature work of 
Onnes; Hoe, Os, Mean, Rayleigh, von Obermayer. 
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166 TABLE 161. 


- DIFFUSION OF AN AQUEOUS 


If & is the coefficient of diffusion, ¢@S the amount of the substance which passes in the time ad 
cylinder under the influence of a drop of concen- 


at the place x, through g sq. cm. of a diffusion 
tration dc / dx, then 
aS = —kq 


& depends on the temperature and the concentration, <¢ gives the gram-molecules per liter. 


The unit of time is a day. 


SOLUTION INTO PURE WATER. 


Substance. 


Substance. 


Bromine . 
Chlorine . é 
Copper sulphate 
Glycerine é 4 
Hydrochloric acid . 
Todine ‘ 
Nitric acid P 
Potassium chloride . 
& hydrate . 
Silver nitrate 
Sodium chloride 
Urea 
Acetic acid 
Barium chloride 
Glycerine 
Sodium actetate 
«“ chloride 
Urea 
Acetic acid 
Ammonia 
Formic acid 
Glycerine c 
Hydrochloric acid 
Magnesium sulphate 
Potassium bromide. 
ss hydrate . 
Sodium chloride 


“ 6“ 


“c 


hydrate 
iodide 

See: : 

Sulphuric acid 

Zinc sulphate . 

Acetic acid 

Calcium chloride 

Cadmium sulphate . 

Hydrochloric acid . 

Sodium iodide 

Sulphuric acid 

Zinc acetate 

“ce “ 

Acetic acid ; 

Potassium carbonate 
se hydrate . 


|) Acetic acid ales 
Potassium chloride. | 10. 127 


PADDIOO DADO DHAO DADANW VW DAHA QWNN QW NUWFE HO NNHNHNHNANWHN 


Silver nitrate 
| “ 


| Sodium chloride 


Calcium chloride 
“ce “ce 


“ “ec 


“ “ 


Copper sulphate 


“ “ 


“ ee 
Glycerine 
“6 


“ 


“ee 


Hydrochloric acid . 


Magnesium sulphate 
“6 “ 


“c “ 


“ “ec 


Potassium hydrate . 
“ “ 


“ 


nitrate 


“ 
“ 


“ 


oo 


sulphate 


“cc 


“ 


“ce 


0 Mn OO Mb bb 
Mu = NI ONO 


“ec “ 


“ “ 


Sulphuric acid 35 : 
se ora ‘ 85 | 18. 
‘ : : 18. 
18. 
18, 
18. 


Euler, Wied. Ann. 63, 1897. 

Thovert, C. R. 133, 1901; 134, 1902. 

Heimbrodt, Diss. Leipzig, 1903. 

Scheffer, Chem. Ber. 1s, 1882; 16, 1883; 
Zeitschr. Phys. Chem, 2, 1888. 


ot) 


5 Kawalki, Wied. Ann. 52, 1894; 59, 1806. 
6 Arrhenius, Zeitschr, Phys. Chem. to, 1892. 
7 Abegg, Zeitschr, Phys. Chem. 11, 1893. 

8 Schuhmeister, Wien. Ber, 79 (2), 1879. 

Q Seitz, Wied. Ann. 64, 1808. 


Compiled from Landolt-Bérnstein-Meyerhoffer’s Physikalisch-chemische Tabellen. 
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TABLE 162. j 167 
DIFFUSION OF VAPORS. 


Coefficients of diffusion of vapors in C, G. S. units. The coefficients are for the temperatures given in the table and 
a pressure of 76 centimeters of mercury.* 


kz for vapor | Mt for vapor | Ke for vapor 
Vapor. diffusing into | diffusing into | diffusing into 
hydrogen. air. carbon dioxide. 


Acids: Formic : : é : 0.5131 0.1315 0.0879 
0.7873 0.2035 0.1343 
0.8830 0.2244 0.1519 
0.4040 0.1061 0.0713 
0.6211 0.1578 0.1048 
: : 5 ' ; 0.7481 | 0.1965 0.1321 
Isovaleric . : : 9 : 0.2118 0.0555 0.0375 

SS i 0.3934 0.1031 0.0696 


Alcohols: Methyl . 3 ; : 0.5001 0.1325 0.0380 

j aise be 0.601 5 0.1620 0.1046 
0.6738 0.1809 0.1234 
0.3806 0.0994 0.0693 
0.5030 0.1372 0.0898 
0.5430 0.1475 0.1026 
0.3153 0.0803 0.0577 
0.4832 0.1237 0.0901 
0.5434 0.1379 0.0976 
0.2716 0.0681 0.0476 
0.5045 0.1265 0.0884 
0.2351 0.0589 0.0422 
0.4362 0.1094. 0.0784 
0.1998 0.0499 0.0351 
0.3712 0.0927 0.0051 


Benzene . : : : 2 5 0.2940 0.07 51 0.0527 
Y < : : : . ; : 0.3409 0.0577 0.c6c9 


s = ; : . : : 5 +3993 O.IOII 0.07TS 


Carbon disulphide . ‘ : C ; 0.3690 0.0883 0.0629 
a : 2 ; : : 0.4255 0.1015 0.0726 
&s ss ; ¢ . 0 ‘ 0.4626 0.1120 0.0789 


Esters: Methyl acetate . ; : ; 0.3277 0.0840 0.0557 
es © : : : 0.3928 0.1013 0.0679 

Ethyl i : : - : 0.2373 0.0630 0.0450 
: 6 ; : 3720 0.0970 0.0666 


Methyl butyrate. rc ; : 0.2422 0.0640 0.0438 
Si ee : F , 0.4308 0.1139 0.0809 
Ethy! ie ‘ A : ; 0.2238 0.0573 0.0406 
es e : : ; : 0.4112 0.1064 0.07 56 
We valeratery. ‘ 3 E 0.2050 0.0505 0.0366 
46 oa : : : 0.3784 0.0932 0.0076 


0.2960 0.0775 0.0552 
0.3410 0.0893 0.0636 


0.6870 0.1980 0.1310 
1.0000 0.2827 O.1SII 


1.1794 0.3451 0.2384 


* Taken from Winkelmann’s papers (Wied. Ann. vols. 22, 23, and 26). The coefficients for 0° were calculated 
by Winkelmann on the assumption that the rate of diffusion is proportional to the absolute temperature. According 
to the investigations of Loschmidt and of Obermeyer the coefficient of diffusion of a gas, or vapor, at o° C. and a 
pressure of 76 centimetres of ee may be calculated from the observed coefficient at another temperature and 
7 aN 76 


pressure by the formula 4, =p G 7°, where 7 is temperature absolute and Z the pressure of the gas. The 


exponent z is found to be about 1.75 for the permanent gases and about 2 for condensible gases. The following 
Eo ceaminlee: Air— COs, 2=1.968; CO.—N.O, 2=2.05; CO.—H, x=1.742; CO—O, 2=1.785; H—O, 
= 1.755; O—N, x=1.792. Winkelmann’s results, as given in the above table, seem to give about 2 for vapors 
diffusing into air, hydrogen or carbon dioxide. 
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168 TaBLes 163-164, 


DIFFUSION OF GASES, VAPORS, AND METALS. 
TABLE 163, —Coefficients of Diffusion for Various Gases and Vapors.* 


Coefficient 
of Diffusion. 


on 
QB 
ue] 


Gas or Vapor diffusing. Gas or Vapor diffused into. Authority. 


0.661 Schulze. 


ASR ae feoes 
73 


Carbon dioxide 


Hydrogen 
Oxygen 
Air 


0.1775 
0.1423 


Obermayer. 
Loschmidt. 


Waitz. 
Loschmidt. 
Obermayer. 


“ce “ “ 

Carbon monoxide 
Hydrogen 
Methane . 
Nitrous oxide 
Oxy cere 
HAUT Se Urge eS 
Carbon dioxide 
Ethylene . 
Hydrogen 


0.1360 
0.1405 
0.1314 
0.5437 
0.1405 
0.0983 
0.1802 
0.0995 
0.1314 
0.101 
0.6422 Loschmidt. 
0.1802 si 
0.1872 Obermayer. 
“0.0827 Stefan. 
0.3054 cs 
0.6340 Obermayer. 
0.5384 s 
0 6488 
0.4593 
0.4863 
0.6254 
0.5347 
0.6788 
0.1787 
O-1357 
0.7217 
0.1710 


“ 


Loschmidt. 
““ 


Stefan. 


Carbon disulphide 
Obermayer. 


Carbon monoxide 


“ “é 


Carbon dioxide 
«monoxide 

Ethane 

Ethylene . 

Methane . 

Nitrous oxide 

Oxygen 

Nitrogen ge A SPS 

Oxygen Carbon dioxide 
i Hydrogen 

Nitrogen . 


Loschmidt, 
Obermayer. 
0.4828 Loschmidt. 
0.2390 Guglilemo. 
0.2475 ri 
0.8710 ce 


Sulphur dioxide 
Wiad tere eerie) 


moco o oOo o O00 00 000 00000000 00000 6070 oo 


— 


H ydrogen 


* Compiled for the most part from a similar table in Landolt & Bornstein’s Phys. Chem. Tab. 


TABLE 164,— Diffusion of Metals into Metals. 


dv __ ,d*v__where x is the distance in direction of diffusion; v, the degree of concentration of 
dt dx’ the diffusing metal; 4, the time; 4, the diffusion constant = the quantity of metal 

in grams diffusing through a sq. cm. in a day when unit difference of concentra- 
tion (gr. per cu. cm.) is maintained between two sides of a layer one cm. thick. 


Dissolving 


a ; ie 
Diffusi _| Dissolving | Tempera- 
iffusing Metal Metal. | ture°C. 


: ; Tempera- 
Diffusing Metal. ture °C. 


Golds : 555 Platinum . Lead 
ON eece Ls 5 492 st beaten a. ings 
251 Rhodium. Lead 
200 sbi Mercury | 
165 ead ae oe eg 
: 100 Zinc 
Bismuth 555 Sodium 
Potassium 


Gold 


vee IBit 6 555 
Silvers. SOieees 555 


From Roberts-Austen, Philosophical Transactions, 187A, p. 383, 1896. 
* These values are from Guthrie. 
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TABLE 165. 169 
SOLUBILITY OF INORGANIC SALTS IN WATER; VARIATION WITH 
THE TEMPERATURE. 


The numbers give the number of grams of the azhydrous salt soluble in 1000 grams of water at 
the given temperatures. 


Temperature Centigrade. 


60° 


| | 
Pip NO gi eels Fr: 4700 
Alo(SO4)3 eee as: \ 3 2 |, Sol 
AlgKo(SO4)q . . . = 248 
f) Alo(NH4)o(SOg)a 211 
B203 . . . . . . - 62 
BaCle Sere CCE et 2 464 
Ba(NOs)e hake oop eo 203 
CaCle eee eee ire. tts 1308 
CoCle Ged Oe 940 
CSCI aa, |e te 2) 2290 
CSNOste ans cess an 838 
Cs9SO4 See eioks, aout = C 1999 
aes dh. Seo | - 1791 
CuSO4 came ke Maye 390 
FeCl, . eine ote? fe! are = 
FesCle Silie Wien V8. va r 
HeSOWeaee ess 550 
Becta od wea Ie 8 ae 
Pore: os. | fe) 
heCOgn ate 6 foes 1270 
[CIN es eG ea Wor ad 42 455 
KC1O3 sees re | 260 
Ke CrOpe | oa 4 es 710 
KyCrgO7 Geto oD 505 
pea 4d ante gale tc. 
ie ; . . . . . 
TINKO a Ge Ine 8 1099 
KOM at oka Wirz 1460 
Ke PtGlavinte cae: 22 26 
ieSOr A 4 Boe 182 
IRONED. Moos eae oe 138 
NMEIGIbs 4-6 S05 o< - 610 
MgSO. . ie 
NH,Cl Seca ry ce Ac 552 
NH,HCOs3. . - ae 
INEINO3 “ss [ ? | 43008 
(NEHa)25 0x. . . . eS 
Acs 200 
{10aq) i 
371 
1470 
| 1150 


NaC rgO7 


NaHCOs 164 | 


| 
NasHPO, . . ,, - | | 93 | 
INIEWIS. 600. 5 cust Gale Me | 1790 | 1900 
INEUNIOFY 2. 3 hice eat 880 | 962 


Compiled from Landolt-Bornstein-Meyerhoffer’s Physikalisch-chemische Tabellen. 
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170 TABLES 165 (concluded)-16T. 


SOLUBILITY OF SALTS AND CASES IN WATER. 
TABLE 165 (concluded) — Solubility of Inorganic Salts in Water ; Variation with the Temperature. 


The numbers’ give the number of grams of the azhydrous salt soluble in 1000 grams of water at 
i the given temperatures. 


_ Temperature Centigrade. 


| 
40° 


| 
| 
| 
| 


1290 | 1450 
| 135 174 

Aye i 
t 482 | | | 437 | 429} 
1026 | 2488 | 2542 | 


720 — 
632 688 

Se aa 
1076 | 1174 
| 1272 | 1331 
| 3090 | 3750 
750 | 787 
924 | 962 | 
30] 34 | 
972 | 990 


16| 20 
| IIIO | 2000 
146, 165 
bo 58 


860. 920 | 785 


Hoa(COeg)o  . 
H2(C H2.COg)2 
Tartaric acid 
Racemic “ 
Ke(EICG@ >) meee 
KH(C4H404) . 


TABLE 167,—Solubility of Gases in Water; Variation with the Temperature. 


The table gives the weight in grams of the gas which will be absorbed in 1000 grams of water 
when the partial pressure of the gas plus the vapor pressure of the liquid at the given tempera- 
ture equals 760 mm. 


60° 


.0221 
.OO1 18 | 
O10 


Compiled from Landolt-Bérnstein-Meyerhoffer’s Physikalisch-chemische Tabellen. 
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TABLE 168. 171 


CHANCE OF SOLUBILITY PRODUCED BY UNIFORM PRESSURE,* 


CdSO,48/3H.O at 25° ZnSO4.7H,20 at 25° Mannite at 24.05° NaCl at 24.05° 


Pressure 


gs. CdSO, per 
100 gs. H,' 
gs. ZnSO, per 
100 gs. Hg 

s. monnite per 
too gs. H,O. 
gs. NaCl. per 
too gs. He 


Conc. of satd. soln. 
g 


Percentage change. 
Cone. of satd. soln. 
Percentage change. 
Percentage change. 
Conc. of satd. soln. 
Percentage change. 


S 
a 
3 
nan 
b=] 
S 
so 
w 
et 
ro) 
cS) 
a 
) 
1S) 


eT 
oo Of 
ee) 
Seo 
w 
Sat 
Ne} 
(e) 


Dp Cohen and L. R. Sinnige, Z. physik. Chem. 67, Pp. 432, 1909; 69, p: 102, 1909. E. Cohen, K. Inouye and 
C. Euwen, zé¢d. 75, p. 257, 1911. These authors give a critical résumé of earlier work along this line. 
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72 TABLE 169. 


ABSORPTION OF CASES BY LIQUIDS.* 


ABsoRPTION COEFFICIENTS, a, FOR GASES IN WATER. 


Temperature 
Centigrade. 


Nitric Nitrous 
oxide. oxide. 


NO N,O 


Carbon’ 


moronidedle Perseus: mae: 
CO 


0.0354 0.02110 0.02399 0.0738 1.048 | 0.04925 
0315 .02022 02134 .0646 | 0.8778 04335 
0282 01944 01918 O57 0.7377 03852 
0254 01875 01742 0515 0.6294 03456 
.0232 .01809 01599 .047 1 0.5443 03137 
0214 01745 01481 0432 - .02874 
.0200 01690 01370 .0400 o 02646 
0177 01644 01195 -0351 02316 
.O161 01608 01074 0315 .02080 
.OI4I 01600 OLOII .0263 01690 


Temperature 


Hydrogen 
Centigrade. y 


Ammonia. Ethylene. Methane. Sulphide! 


NH; Cl Cu, CH; 


0.02471 1174.6 3.036 0.2563 0.05473 


02179 971-5 2.808 .2153 04839 
01953 840.2 2.585 1837 .04367 
01795 756.0 2.388 615 03903 
01704 683.1 2.156 _ 1488 03499 

- 610.8 1.950 - 02542 


bo by Go Go Go 
Woo PRU ONT 
PSG AO 
Ion © COB SI 


ONT Cn WO 


ABSORPTION COEFFICIENTS, a4, FOR GASES IN ALCOHOL, C,H;OH. 


Temperature ] 
Centigrade. Nitric | Nitrous {Hydrogen) Sulphur 

oxide. sulphide. | dioxide. 

H,S SO. 


Ethylene.} Methane.| Hydrogen. | Nitrogen. 
CoHy CH, H N 


0.5226 | 0.0092 0.1263 

5086 .068 5 1241 
-4953 .0679 1228 
4828 .0673 .12T4 
-4710 .0667 .1204 
4598 .0662 1196 


17.89 
14.78 
II.99 
O:54, 
7.41 
5-62 


rH eH bo OD 
Seo ie) 
HEOT 


Nd NWOW 
CPW YN Qwn 
Min 1 Co SI OD 


19 G9 Go Ga Ga 
COnn OH 


* This table contains the volumes of different gases, supposed measured at o° C. and 76 centimeters’ pressure, which 
unit volume of the liquid named will absorb at atmospheric pressure and the temperature stated in the first column. 
The numbers tabulated are commonly called the absorption coefficients for the gases in water, or in alcohol, at the 
temperature 7 and under one atmosphere of pressure. The table has been compiled from data published by Bohr & 
Bock, Bunsen, Carius, Dittmar, Hamberg, Henrick, Pagliano & Emo, Raoult, Schénfeld, Setschenow, and Winkler. 
The numbers are in many cases averages from several of these authorities. 


Nore. — The effect of increase of pressure is generally to increase the absorption coefficient. The following is 
approximately the magnitude of the effect in the case of ammonia in alcohol at a temperature of 23° C. : 
} P45 ome: 50 cms, 55 cms. 60 cms, 65 cms. 
2 G3 = 69 74 79 84 88 
According to Setschenow the effect of varying the pressure from 45 to 85 centimeters in the case of carbonic acid in 
water is very small. 
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, TaBLes 170-172, Ge 


CAPILLARITY.—SURFACE TENSION OF LIQUIDS.* 


TABLE 170, —Water and Alcohol in Contact with Air. TABLE 172, —Solutions of Salts in 


Water.t 


| 
Surface 


tension 
in dynes 
per cen- 
timeter. 


Tension 
co jin dynes 
per cm. 


Surface tension 
in dynes per 
centimeter. 


Surface tension 
in dynes per 
centimeter. 


Salt in 


solution. Density. 


81.8 
77°5 
95.0 
90.2 
73.6 
74-5 
753 
82.5 
80.1 
78.2 
go.I 


Ethyl 
*| alcohol. 


Ethyl 


1.2820 
alcohol. 


1.0497 
1.3511 
1.2773 
‘| I.1190 
1.0887 
1.0242 
1.1699 
I.1O1I 
1.0463 
1.2338 
1.1694 
1.0362 
1.1932 
1.1074 
1.0360 
1.0758 
EONS NE 
1.0281 
1.3114 
1.1204 
1.0507 
USES) 
1.1576 
1.0400 
1.1329 
1.0605 
1.0283 
1.1263 


Water. Warten 


70.0 
69.3 
68.6 
67.8 
67.1 
66.4 
65.7 ~ 
65.0 : - 


64.3 
63.6 
62.9 
62.2 
61.5 


Som RN ROY 
& CWNN DARN 


NHNHNHHNDN 


TABLE 171. — Miscellaneous Liquids in Contact with Air. 


Surface 
tension 
in dynes 
per cen- 
timeter. 


Authority. 


Aceton . 


Ramsay-Shields. 
Acetic acid . 


Average of various. 
“ 


Amy] alcohol . 
Benzole . 
Butyaicvacidiaes 
Carbon disulphide 
Chloroform . . 


Quin 


| Aver 


its 
“ 

cke. 

age of various. 
“ 


1.0466 
1.3022 


Ether . 
Glycerine 
Hexane . 


“ 


DevdWwnd nN NWN 


Hall. 
| Schiff. 


aN 


Mercury...) . 
Methyl alcohol 
Olive oil . 

Petroleum. . 
Propyl alcohol 


nr 


HNHN NWN DH AND 


DHD HAVEE OR AG HHO KOE OY 


Average of various. 
“oe 


“ MgSO4 

‘ 1.0680 
I.111Q 
1.0329 
1.3981 
1.2830 
os 1.1039 


Magie. 
| Schiff. 


{ “cs 


MngSO4 


Toluol ZnSO4 


“cc 
. 


ADH OOONYN OD b HBO DON D 


‘Turpentine . 


XN 


| Average of various. 


* This determination of the capillary constants of liquids has been the subject of many careful experiments, but the 
results of the different experimenters, and even of the same observer when the method of measurement is changed, 
do not agree well together. The values here quoted can only be taken as approximations to the actual values for the 
liquids in a state of purity in contact with pure air. [mn the case of water the values given by Lord Rayleigh from the 
wave length of ripples (Phil. Mag. 1890) and by Hall from direct measurement of the tension of a flat film (Phil. Mag. 
1893) have been preferred, and the temperature correction has been taken as 0.141 dyne per degree centigrade. The 
values for alcohol were derived from the experiments of Hall above referred to and the experiments on the effect of 
temperature made by Timberg (Wied. Ann. vol. 30). 

The authority for a few of the other values given is quoted, but they are for the most part average values derived 
from a large number of results published by different experimenters. 

| From Volkmann (Wied. Ann. vol. 17, p. 353). 


SMITHSONIAN TABLES. 


174. TaB_es 173-175. 


TENSION OF LIQUIDS. 
TABLE 173.—Surface Tension of Liquids.* 


Surface tension in dynes per cen- | 
timeter of liquid in contact with — 


Water. | Mercury. 


Specific 
gravity. 


Water . : ; : : 0.0 (392) 
Mercury 5 : : : : ; 392.0 ° 
Bisulphide of carbon : : : : 5 5 41.7 (387) 
Chloroform . : : ; 26.8 (415) 
Ethyl alcohol : é ; = 364 
Olive oil 2 af : : . 5 18.6 317 
Turpentine . ‘ : 11.5 241 
Petroleum. : é : (28.9) 271 
Hydrochloric acid : 2 : : é : = (392) 
Hyposulphite of soda solutio : : 69 - 429 


TABLE 174, —Surface Tension of Liquids at Solidifying Point.; 


Tempera- 


Tempera- 
ture of 


S 
arelet urface 


: OEE ion i <4. tension in 
Substance. solidifi- a = Substance. solidifi- fen cae 
cation. y Pp cation. ‘ Pp 


Genne centimeter. Cent.° centimeter. 


Surface 


Platinum . | 2000 1691 Antimony . : : 432 249 
Gold ©. 0 : a seco 1003 Borax . : 3 . | 1000 216 
TONE ; ; : 877 Carbonate of soda : 1000 210 


Tin : : : 599 Chloride of sodium. 116 

Mercury : ; 588 Water . : 2 . 87.9¢ 
Weadian. ; : 457 Selenium . : : 71.8 
Silver . , ‘ . 427 Sulphur 5 : = 42.1 
Bismuth a : 1390 Phosphorus . : A 42.0 
Potassium . 8 : 371 Wax 7: : 2 . 34.1 
Sodium : 4 é 258 


TABLE 175.— Tension of Soap Films. 


Elaborate measurements of the thickness of soap films have been made by Reinold and 
Rucker.|| They find that a film of oleate of soda solution containing 1 of soap to 70 of 
water, and having 3 per cent of KNO3 added to increase electrical conductivity, breaks at 
a thickness varying between 7.2 and 14.5 micro-millimeters, the average being 12.1 micro- 
millimeters. The film becomes black and apparently of nearly uniform thickness round 
the point where fracture begins. Outside the black patch there is the usual display of 
colors, and the thickness at these parts may be estimated from the colors of thin plates 
and the refractive index of the solution. 

When the percentage of KNOs is diminished, the thickness of the black patch increases. 
For example, KNOg3 == 2 I 0.5 0.0 

Thickness = 12.4 13.5 14.5 22-1 micro-mm. 

A similar variation was found in the other soaps. 

It was also found that diminishing the proportion of soap in the solution, there being 
no KNOs dissolved, increased the thickness of the film. 

I part soap to 30 of water gave thickness 21.6 micro-mm. 

I part soap to 4o of water gave thickness 22.1 micro-mm. 

I part soap to 60 of water gave thickness 27.7 micro-mm. 

I part soap to 80 of water gave thickness 29.3 micro-mm. 


* This table of tensions at the surface separating the liquid named in the first column and air, water or mercu 
as stated at the head of the last three columns, is from Quincke’s experiments (Pogg. Ann. vol. aAe and Phil Mae 
1871). The numbers given are the equivalent in dynes per centimeter of those obtained by Wisrthineton mon 
Quincke’s results (Phil. Mag. vol. 20, 1885) with the exception of those in brackets, which were not eorrected b 
one ony they are probably somewhat too high, for the reason stated by Worthington. The temperature Wee 
about 20° C. \ = 

t+ Quincke, ‘‘ Pogg. Ann.” vol. 135, p. 661. 

+ It will be observed that the value here given on the authority of Quincke is much higher than his subsequent 
measurements, as quoted above, give. ; Buss 

|| “‘ Proc. Roy. Soc.” 1877, and “ Phil. Trans. Roy. Soc.’’ 1881, 1883, and 1893. 

Nore. — Quincke points out that substances may be divided into groups in each of which the ratio of the surfa 
tension to the density is nearly constant. Thus, if this ratio for mercury be taken as unit, the ratio for the br ae 
and iodides is about a half; that of the nitrates, chlorides, sugars, and fats, as well as the metals, lead bieanith.4 2 
antimony, about 1; that of water, the carbonates, sulphates, and probably phosphates, and the metals latinum : Id 
silver, cadmium, tin, and copper, 2; that of zinc, iron, and palladium, 3; and that of sodium, 6. ® Ae 
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VAPOR PRESSURE. T ais 
TABLE 176. — Vapor Pressure of Elements. 


Hydrogen. x Xenon. Krypton. 


H scale. mm k AS, mm 7K 


lie IK ‘ “ : 760. |155. . 
22 ; ‘ 714.5|139.- 2 273" 
OR . i Foon |13\7': J AOGE 
41 ; ‘ 600. |136. 5 Nil. 
.82 is : 500. |123. § NPB 
alii ; : 400. : . 2/248. 

- 36 5 Au 300. : .5/244. 

a3 7 ‘ : 200. 633.4/239. 
93 6: too. | 83. 524. a37. 
.0]231. 

Travers, Sen- ‘ ee a 
Travers, Jaque- ter, Jaque-| Fischer, Alt, ; 215. 
rod, 1902-5. tod, 1902-3. 1902. : 


44112|210. 
31501|206. 
21907|204. 
21512|201. 
19984]|201. 
18153197. 
15808|170. 
13971112. 
13505| 88.6 
11134| 84. 
2020) 


bHyNBBRTNHN AO Qwna 


Ramsay, Travers, Zs. phys. Ch. 38, rgor. 
I 


Chlorine. 1 Bromine. Copper. Silver. 


EAS, Pressure. nC Atme. ce Atme. 


Zeiie) || 185) TQ55 | 1.0 

-084 | 2380 | 0.338 | 1780 | 0.346 
as 1980 | 0.1315 | 1660 | 0.1355 
ee Bismuth. 


-699 : AG Atme. 
-469 
- 305 , 2060 | 16.5 
—40. 560. -131 : TQ50) |) 11.7 
—50. 350. 030 ; 1740 Ong 
—6o. 21. 5 ; 1420 I.0 
—70. 18. : Baxter, Hick- : 1310 | 0.338 
—80. | 62.5 mm : ey, Hofmes, “1200 0.134 
—85. 45. mm : iin Ames Cholera Winner | Ti 

oo 37.5 mm Soc. 1907. se 


+146. 93-50 atm. 
+100. 41.70 atm. 
+50. 14.70 atm. 
+20. 6.62 atm, 
°. 3.66 atm. 
—20. 1.84 atm. 


—33- 760. 


OOOO OHH NW 


7) Atme. 


\Knietsch, W. Ann. 1890./Ramsay, Young 

Cu to Sn, Greenwood, Pr.| J. Ch. Soe. : 2270 | 1.0 
Roy. Soc. 83A, 1910;, 1886. ; 2100 | 0.345 
Zeuplien Chay OsrO Ln. : TO7OmmOn Ess 


Evaporation rate. 


g/cm2/sec Platinum. 


Mo W mm g/cm?/sec. 


010863 = 017324 019832 
. 07100 .OIT4 .OwIII | 0.014260 
. 064.80 010144 . 09188 .Ou4ort 
. O41 20 09798 07484 09966 
03179 07236 05350 07067 
2181 064.29 . 03107 .O5195 

05523 418 760 mm a 
04467 
.03700 


900000000 
0070 '0 0 0.0 0 


Langmuir, MacKay, Phys. 
IROW Py TORS Zi iGo 
Order of vacuum, 0.001 mm. 


p = K.T~te“'/RT dynes/cm?. Egerton, Phil. Mag. 33, p. 33, 1917. 
Bis NS GoD 2 TC USS mags We OGl Mans Oy K ese IR Se Ties 
Eee Nn =n 0O pC 104 s72 TO! (anuicdsem) 
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176 TABLE 178. 


VAPOR PRESSURES. 


The vapor pressures here tabulated have been taken, with one exception, from Regnault’s results 
Lhe vapor pressure of Pictet’s fluid is given on his own authority. The pressures are in centimeters of 
mercury. 


Carbon a 
: Chloro- | , Ethyl Ethyl | Methyl 
HO aa form. alcohol. : beomae alcohol. 


Ca, | CHCls | C C.H,;Br 


4.41 
5.92 
7.81 

10.15 

13-00 


16.56 
20.72 
2575 
31-69 
38.70 


46.91 
56.45 
67.49 
80.19 


hob OO BORD 


JMO ONM BYP HH 
NNOM Won ON 


SNS DOWN 
MIO NM 
sO ini 


Oo & QO 
tor OV Go 
WON ny Op 


BOW WN 
tit OO 


ONT OU 
WO rWWU 


ios) 
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NH, 


Ammonia. 


TABLE 178 (continued), 


VAPOR PRESSURES. 


Carbon Ethyl 


dioxide. | chloride. 


COs ICE) 


Methyl 
CH;Cl 


chloride. 


Methylic 
ether. 
C,H,O 


Nitrous 
oxide. 


N,O 


Pictet’s 
fluid. 
64S0o+ 
44CO, by 
weight 


Sulphur 
dioxide. 
SO, 


Hydrogen 
sulphide. 


86.61 


110.43 
139.21 
173-65 
214.46 
264.42 


318.33 
383-03 
457-40 
543-34 
638.78 


747-79 
870.10 
1007.02 
1159-53 
1328.73 


1515-83 
1721.98 
1948.21 
2190.51 
2407.55 


2763.00 
3084.31 
S450 09) 
3810.92 
4210-57 


4660.82 


1300.70 
1514.24 
1758.25 
2034.02 
2344.13 


2690.66 
307 5-38 
3499-56 
3964.69 
4471.66 


5020.73 
5611.90 
6244.73 
6918.44 
7631.46 


syee) 


71.78 
88.32 
107.92 
130.96 
157.97 


189.10 
225.11 
260.38 
313-41 
366.69 


426.74 
494-05 
569.11 
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57-65 


71.61 
88.20 
107-77 
130.66 
157-25 


187.90 
222.90 
262.90 
307.98 
358.60 


415.10 
477.80 


. 


1569.49 
ve 
1908.43 
2200.80 
2457.92 


2742.10 
3055.86 
3401.91 
3783-17 
4202.79 
4664.14 
5170.85 
6335-98 


58.52 


67.64 
74.48 
89.68 
101.84 
121.60 


139.08 
167.20 
193.50 
226.48 
258.40 


297.92 
338.20 
383-80 
434-72 
478.80 


521.36 


28.75 


37.38 
47-95 
60.79 
70.25 
94-69 


116.51 
142.11 
171.95 
206.49 
246.20 


291.60 
343-18 
401.48 
467.02 
549-35 


622.00 


712.50 
812.38 
922.14 
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VAPOR PRESSURE. 


TABLE 179, —Vapor Pressure of Ethyl Alcohol.* 


oft aa (ta ae ee een cee 


Vapor pressure in millimeters of mercury at 0° C. 


O°} 12.24] 13.18 | 14.15] 15.16] 416.21 | 17.31 | 18.46 | 19.68 | 20.98 | 22.34 
ike) |) Beryfes || apa 27.94 | 28.67 | 30.50 | 32.44 | 34-49 | 36.67 | 38.97 | 41.40 
20 | 44.00] 46.66} 49.47 | 52-44 | §5-56| 58.86 | 62.33 | 65.97 | 69.80 | 73.83 
30 78.06 | 82.50 | 87.17 92.07 | 97.21 |. 102.60 | 108.24 | 114.15 | 120.35 | 126.86 


40 | 133.70 | 140.75 | 148.10 | 155.80 | 163.80 | 172.20 | 181.00 | 190.10 | 199.65 | 209.60 
50 | 220.00 | 230.80 | 242.50 | 253.80 | 265.90 | 278.60 | 291.85 | 305.65 | 319.95 | 334-85 
60 | 350.30 | 366.40 | 383-10 | 400.40 | 418.35 | 437-00 | 456.35 | 476-45 | 497-25 | 518.85 
70 | 541.20 | 564.35 | 588.35 | 613.20 | 638.95 | 665.55 | 693.10 | 721.55 | 751.00 | 781.45 
——_——————————— SSS SS Ss 


From the formula log g =a -+-/a’ + cB’ Ramsay and Young obtain the following numbers. 


Oo o° 10° | 20° | 30° . 40° . 50° 60° | 70° | 80° | 90° 
5 ‘ 
o Vapor pressure in millimeters of mercury at 0° C. 
| 
o° RA) Beye 43.97 78:11| 133-42] 219.82] 350.21] 540.91 811.811 1186.5 
100 | 1692.3 | 2359.8 | 3223.0 | 4318.7 | 5686.60 |7368.7 /9499:9 11858. | 14764. | 18185. 
200 |22182. |26525. |32196. | 38389. |45519. | | 


TABLE 180,— Vapor Pressure of Methyl Alcohol.t 


3° 4° 5° 6° 


Vapor pressure in millimeters of mercury at 0° C. 
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* This table has been compiled from results published by Ramsay and Young (Jour. Chem: Soe. vol. 47, and Phil. 
Trans. Roy. Soc., 1886). 


+ In this formula @= 5.0720301; log d= 2.6406131; loge = 0.6050854; log a= 0.003377538; log B= 1.99682424 
(c is negative), 

+ Taken from a paper by Dittmar and Fawsitt (Trans. Roy. Soc. Edin. vol. 38): 
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Carbon Disulphide, Chlorobenzene, Bromobenzene, and Aniline. 


TABLE 181. 


VAPOR PRESSURE.* 


Temp. | 0° | 1° 2° | 3° | 4° | 5° 6° 7° 8° 9° 
(a) CARBON DisuLPHIDE. 

Oot 27.90 133.85 140.05 146.45 | 153-10 | 160.00 | 167.15 | 174.60 | 182.25 | 190.20 
10 | 198.45 | 207.00 | 215.80 | 224.95 | 234.40 | 244.15 | 254.25 | 264.65 | 275.40 | 286.55 
20 | 298.05 | 309.90 | 322.10 | 334.70 | 347.70 | 361.10 | 374.95 | 389.20 | 403.90 | 419.00 
30 | 434-60 | 450.05 | 467.15 | 454.15 | 501.65 | 519.65 | 538.15 | 557-15 | 576.75 | 596.85 
40 | 617-50 | 638.70 | 660.50 | 682.90 | 705.90 | 729.50 | 753-75 | 778. 504.10 | $30.25 

(b) CHLOROBENZENE. 
20°) 8.65 9.14 9.66 | 10.21 TOM OL IAC | 204 alent 2.7 1 WEAR || ality 
30 14.95 15-77 16.63 | 17.53 | 18.47 16:45 |) 920.48) |) 21,56)|| §22/66 |) 23,87, 
ACG Eee 5-1O4)| 20: 35uuee 7472 PAoe) || Gfeixei || Prive) || eeHore) ||) LESS | eyptelsh i) eieitots) 
50} 40.75 | 42.69] 44.72 | 46.84] 49.05] 51.35 SHA | Bowman), Bexley || ues 
60 | 64.20] 67.06 | 70.03 | 73.11 | 76.30] 79.60 3.02 | 86.56 | 90.22 | 94.00 

70 | 97-90 | IOI.95 | 106.10 | 110.41 | 114.85 | 119.45 | 124.20 | 129.10 | 134.15 | 139.40 
80 144.80 | 150.30 | 156.05 | 161.95 | 168.00 | 174.25 | 181.70 | 187.30 | 194-10 | 201.15 
90 | 208.35 | 215.80 | 223.45 | 231.30 | 230.35 | 247.70 256.20 | 265.00 | 274.00 | 283.25 

LOO | 292.75 | 302.50 | 312.50 | 322.80 | 333.35 | 344-15 | 355-25 | 366.65 | 378.30 | 390.25 
ITO | 402.55 | 415.10 | 427.95 | 441.15 454-05 | 468.50 | 452.65 | 497.20 | 512.05 | 527.25 
120 | 542.80 | 558.70 | 575.05 | 591.70 | 608.75 | 626.15 | 643.95 | 662.15 | 680.75 | 699.65 
130 | 718.95 | 738.65 | 758.80 = = = = - - - 

(c) BROMOBENZENE. 
40° - - - = - 12 -AC eel 3O0 0 \Gn3. 7.5) LA.A7 llc oe 
SOT MELO 00) ELO.G20|pet 7200) a LO-SOnl mn LO;SZn lie 2OsSOnly £21.52) |e 22.cOnNesa 7a) ln 2A. Go 

Gon2G-10N\) 27-30 40 628-0501 9 30:00))| 37-501) 33:00 34-56 36.18 | 37.86 | 39.60 
70 | 41.40 | 43.28 | 45.2 47.28 | 49.40 | 51.60 gos Bonas) || Goss || Cueto 
80 | 63.90 | 66.64 | 69.48 | 7242] 75.46] 78.60 1.84 | 85.20 | 88.68 | 92.28 
90 | 96.00 | 99.84 | 103.80 | 107.88 | 112.08 | 116.40 | 120.86 | 125.46 | 130.20 | 135.08 

100 | 140.10 | 145.26 | 150.57 | 156.03 | 161.64 | 167.40 | 173.32 | 179.41 | 185.67 | 192.10 
110 | 198.70 | 205.48 | 212.44 | 219 58 | 226.90 | 234.40 | 242.10 | 250.00 | 258.10 | 266.40 
120 | 274.90 | 283.65 | 292.60 | 301.75 | 311.15 | 320.80 | 330.70 | 340.80 | 351.15 | 361.80 
130 | 372.65 } 383-75 | 395.10 ; 406.70 | 418.60 | 430.75 | 443-20 | 455.90 | 468.90 | 482.20 

1} 140 | 495.80 | 509.70 | 523.90 | 538-40 | 553.20 | 568.35 | 583-85 | 599.65 | 615.75 | 632.25 
150 | 649.05 | 666.25 | 683.80 | 701.65 | 719.95 | 738-55 | 757-55 | 776-95 | 796.70 | 816.90 
(d) ANILINE. 
L 
80°} 18.80] 19.78 | 20.79] 21.83 | 22.90} 24.00] 25.14 | 26.32] 27.54 | 28.80 

GON esOsEON|) MBl-AAal 32.03 34.27 35.76 | 37.30 | 38.90 | 40.56 | 42.28 | 44.06 

100 | 45.90 | 47.80] 49.78 | 51.84 | 53.98 | 56.20] 58.50 | 60.88.| 63.34 | 65.88 
M101) 63.501) 71.22 |) 74.04 || 76.96'|) 79.98 || $3.10! |) 86.32 || 89.66) 93.12) oOo 
120 | 100.40 | 104.22 | 108.17 | 112.25 | 116.46 | 120.80 | 125.28 | 129.91 | 134.69 | 139.62 
130 | 144.70 | 149.94 | 155.34 | 160.90 | 166.62’| 172.50 | 178.56 | 184.80 | 191.22 | 197.82 
140 | 204.60 | 211.58 | 218.76 | 226.14 | 233.72 | 241.50 | 249.50 | 257.72 | 266.16 | 274.82 

150 | 283.70 | 292.80 | 302.15 | 311.75 | 321.60 | 331.70 | 342.05 | 352.65 | 363.50 | 374.60 
160 | 386.00 | 397-65 | 409.60 | 421.80 | 434.30 | 447.10 | 460.20 | 473.60 | 487.25 | *501.25 
170 | 515.60 | 530.20 | 545.20 | 560.45 | 576.10 | 592.05 608.35 | 625.05 | 642.05 | 659.45 
180 | 677.15 | 695.30 | 713-75 | 732-05 | 751-90 | 771.50 - - = = 

* These tables of vapor pressures are quoted from results published by Ramsay and Young (Jour. Chem. Soc. 


vol. 47). The tables are intended to give a series suitable for hot-jacket purposes. 
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180 ; TABLE 181 (continued). 
VAPOR PRESSURE. 
Methyl Salicylate, Bromonaphthaline, and Mercury. 


(e) METHYL SALICYLATE. 


2.97 3.18 3-40 
5-44 5-74 | 6.05 
9.06 | 9.52 | 9.95 


DALAT ees UG ee OS 
22-5 Sal 62325859 
BA 21a 5:08) a7 LO 
50.96 | 52.97 | 55-05 
74.38 | 77.15 |. 80.00 


106.10 | 109.80 | 113.60 
148.03 | 152.88 | 157.85 
202.49 | 208.72 |. 215.10 
271.90 | 279.75 | 287.80 
359-05 | 368.85 | 378-90 


467.25 | 479.35 | 491-70 
600.25 | 615.05 | 630.15 
761.90 | 779.85 | 798.10 


(f) BROMONAPHTHALINE. 


4-40 
6.80 
10.60 
16.20 


24.00 
34-40 
48.05 
66.10 
89.75 


TOOT ey 20.20 
154.57 | 158.85 
207.35 
267.85 
342-75 
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545-35 
677.85 
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) MERCURY. 


123.92 | 126.97 | 130.08 136.50 : 3. 
157-35 | 161.07 | 164.86 | £68.73 | 172.67 : So. : So. 193.63 
198.04 | 202.53 | 207.10 | 211.76 | 216.50 : ; Zai2 3 241.53 


| 208.66 
| 366.28 
445-75 
538.56 | 
646.36 


246.81 | 252.18 | 257.65 | 263.21 | 268.87 
304.93 | 311-30 | 317-78 | 324.37 | 331.08 
373-07 | 381.18 | 388.81 | 396.56 | 404.43 
454-41 | 463.20 | 472.12 | 481.19 | 490.40 
548.64 | 558.87 | 569.25.| 579.78 | 590.48 


~ 
PSObS 


D whan 


On Wb 
Ons 
(on=s 


NOHO 


658.03 | 669.86 | 681.86 | 694.04 | 706.40 
784.31 | 


Ny 
Go 

= 
nm 


770.87 
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TABLE 182. 181 
VAPOR PRESSURE OF SOLUTIONS OF SALTS IN WATER.* 
The first column gives the chemical formula of the salt. The headings of the other columns give the number of 


gram-molecules of the salt in a liter of water. The numbers in these columns give the lowering of the vapor 
pressure produced by the salt at the temperature of boiling water under 76 centimeters barometric pressure. 


Substance. os | 1.0 2.0 i 3.0 4.0 5.0 6.0 8.0 10.0 
Ale(SO4)s 12.8 36.5 
AICls . c 22555 |eOL:ON070:05 316.0 
Ba(SOs)2_ . 6.6] 15.4 | 34.4 
Ba(OH). . TOES |ee2 2.6 | 30.0 
Ba(NOs)2 ied || ee) 
Ba(ClOs)o « : 5 | woes Il SeRs | Wehbe. | iketsh 
BaCle . 5 : 5 Woy Alex? || GaAs) 
BaBry . : A a || lows) If Rees || Ohiné8 || sete ye) |} Ztoy ley, 
CaS.Os . : : 9-9 | 23.0 | 56.0 | 106.0 
Ca(NOs)2 .« 2 ie LO-4 34.8) 74-00ler30.3")) TOL7 |e205.4 
CaCle . : : eee 7-ONleesO.oN O53 le TOOol 24n 5 ale3ano.s 
CaBbrg . 2 : LTE TMA Ate nIOS Ome LOL-OMN2oa.a0lmaOo.5 
CdSO4 A ‘5 : 4.1 8.9 } 18.1 
Callas. : : : FidS || AMS || SHS |) S237 
CdBre . 4 3 5 8:0) |e. || 30-725) 5'5:7) | OO.0 
CdCle . 3 : Ho!) TSS || OH || Gye || ayeiih (exe 
Cd(NOs)o . fs 15-9 | 36.1 7SiOnl 22.2 
Cd(ClOs)e . 8 17.5 
CoSO4 : 5 3 5-5 10.7 22.0) |e 4535 
CoCl, . : . - | 15.0 | 34.8) 83.0 | 136.0 | 186.4 
Co(NOs)2 . : || WB |) 36) Boo) BES |) Bitsy) || Zee || spp 
FeSO4 A 3 . 5.5 10.7 24.0 2.4 
H3BO3 : é ' 6.0 E2:G 25.1 38.0 51.0 
H3PO4 : . ° 6.6 | 14.0] 28.6 | 45.2 | 62.0} 81.5 | 103.0 | 146.9 | 180:5 
H3AsOg,. - c 78 15:0 |, 30:2) || 46:4) 164-9 
Isl SKOp 4 2 12.9 | 26.5 | 62.8 | 104.0 | 148.0 | 198.4 | 247.0 | 343.2 
KHePO4q : o || UCB] Mey) pret) Aen CeOuG | Gee |) ise 
KNOs. - 3 ; HOLE) |} ange ||| Kew 57-0 (074.5) ee Oor2 a LOZ. e 120,25 |e TAc.o 
KC1O3 6 . : 10.6 21.6 42.8 62.1 0.0 
KBrOg 5 G - KOKO) |] aati || AUS) 
ISSIOy, 6 : a || TOO || aie) || Agia toseell Gisas || Weyss | ae || TzeHS 
KNOz 5 = a II.1 22.8 || A4.8) |) 67.0 ||| 190.05 |b LOs5 167.0 | 198.8 
KC1O4 : ; 5.) ai || aaa} 
ICG : : o |) Tel) igs || Aisyish |] aes | iets) |] aieESeIS || teva ; 
KHCO,  . ; et eel L-Oul 2 3°60 50:0 1/08 77-0) IB LOd 2S 20m LOO.0) || 2TO:On|P 255.0 
IIL sc : : call), TRIS aay 2.2 | 82:6 | 102.2) T4305 071-8 | 225.5, | 278.5 
Ke€2O4 g i 13.9 28.3 59:8 94.2 | 131.0 
KoWO,. . Sees Ones 3) 7/5-Onl U23-O1smete7 Gs Aullez2O.4 
KeCOg - . 7 | i4-4 | 31.0) 68.3 | 105.5) || 152.0 |, 209.0 | 258.5 | 350.0 
KOH . : : eS Cole 20;5)||NROALO) | QO:2) LAO.) 0OT.011)223-08)| 20G:55 1367-0 
KoCrOg 0 4 ; 16.2 20.5 60.0 
LiNO3 - : L222 OMG. 7 mnOO- Oni 22.28 mia Te TSS-OMe26:4 an 30012 
IEAKCAl . : vale he Pani |e yfoH! 5-08 eig2asn iN b75.5 le2TO.5 | aiieca sOgs5 
LiBre é . ? 122 26.2 | 60.0 | 97.0 | 140.0 | 186.3 | 241-5 | 341.5 | 438.0 
LigSO4 0 : F 1a, 3 28.1 50.8 $9.0 
LiIHSO4 T2 One 7-On |e 57200) 9 03.0) sk 20.Oni) LOG.0 
le : : . | 13.6] 28.6 | 64.7 | 105.2 | 154.5 | 206.0 | 264.0 | 357.0 | 445.0 
Eipsikies : rn dS 4s) One 70:0) || LOO.0 
iO Ey 7 : : is. | Byatt ||) Grown 
| LigCrO4 HO: eno 2 One 7 4.Onei2O:ON i710) 


* Compiled from a table by Tammann, ‘‘ Mém. Ac, St. Petersb.’’ 35, No. 9, 1887. See also Referate, “‘ Zeit. f. 
Phys.” ch. 2, 42, 1886. 
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VAPOR PRESSURE OF SOLUTIONS OF SALTS 


TABLE 182 (continued). 


IN WATER. 


Substance. 


MgSO, 
Mg(NOs)z . 
MgBre . 
MgH2(SO4)2 


MnSO4 
MnCl, . 
NaHePO, . 
INaHSO. % 
NaNOgs 


NaClO3 
(NaPOs)¢ 
NaOH 
NaNO» 
NaHPO, 


NaHC O3 
NaSO4 
INEIEN 6 
NaBrOg3 
Nabr . 


Nal . 
NagP207 
NagC O3 
NagC204 
Nag WO4 


NagPO4 
(NaPOs)s3 
NH4NO 3 . 
(N H4)oSiFl¢ 
NH,4Cl 


NH.HSQ, . 
(NH4)2SOq. 
NHyBr 
NH,l . 
NiSO4 


NiCl, . 

Ni(NOs)o 
Pb(NOs)o 
Sr(SO3)2 
Sr(NOs)2 


SrCle . 
SrBre . 
ZnSO4 
ZnCly . 
Zn(NOs)e 
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TABLES 183-185. 183 
PRESSURE OF SATURATED AQUEOUS VAPOR. 


The following tables for the pressure of saturated aqueous vapor are taken princi- 
pally from the Fourth Revised Edition (1918) of the Smithsonian Meteorological Tables. 


TABLE 183.— At Low Temperatures, — 69° to 0° C over Ice. 


mm 


An Ayia || Koo) || Te kA | eset || Mh kygie |) ana geXe) ||| bes een 
Aen Si7i@) || HORS || BORO || Belay || BaMeve || Bauer || AeOHS || 22. 7a |) Ao evs) 
| 


TABLE 185.— For Temperatures 0° to 374°.C over Water. 


co CONINI OD Ann S fH 
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184 TABLE 185 (continued). 
PRESSURE OF SATURATED AQUEOUS VAPOR. 
TABLE 185.— For Temperatures 0° to 374° C over Water. 


eae hs 1 2 3 ale 2 6 1 8 0 
mm mm mm mm mm mm mm mm mm mm 
ag 23.78 | 23.902 | 24.06 | 24.2% | 24.35 | 24.50 | 24.64 |. 24-79 | 24.04 25.09 
26 25.24 25.38 25.54 25.69 25.84 25.99 26.14 26.30 20.46 26.61 
27 26.77 20.92 27.08 2724 27.40 27.56 27.72 27.89 28.05 28.22 
28 28.38 | 28.55 |° 28.71 | 28.88 | 29.05 | 29.22 | 20.39 | 29.56 | 20.73 29.90 
20 30.08 30.25 30.43 30.60 30.78 30.96 31.14 Zr. 32 31.50 31.68 
30 $1.86 ||| 32204) 132) 23.) 32545 S200 Min 2790\s2-0%7, 33-10 33535 33-54 
3r 33-74 33-93 34.12 34-32 34.51 34-71 34.91 35-10 35-30 35-50 
32 SSH OM S52O) esos meni) eg0: 32 1) 30m52 30-735 8 Olt ae Sits sess 37-56 
33 37.178: +, 37299) | S8e2ON 1 138).42, 1938.03 0) 3885 30-008 N30, 25) NE30-50 39-72 
34 39.95 | 40.17 | 40.36 || 40.62 || 40.85 | 41.07 | 41.30 | 41.53 | 42-76 41.99 
35 42.23 | 42.46 2.70 2.03 | 43-17 | 43-41 | 43-65 | 43.89 | 44-13 44.37 
30 44.62 44.86 Ap ial 45.36 45.61 45.86 46.11 46.36 46.62 46.87 
37 47-13 | 47-38 | 47.64: | 47.90 | 48.16°] 48.43 | 48.60 | 48.95 | 40.22 49-49 
38 49.76 50.02 50.30 | 50.57 50.84 | 51.12 51.39 51.67 51.95 52.23 
39 52.51 H2eTOMy SG.OOm 53130) i S305 ules SnO4e | 4 25ers 4. 52 54.81 55.10 
40 55.40 | 55.69 || 55-99 || 50.20 | 50-50, | 50.80 | 57-20 | 57-50) 1 57-80 58.11 
4r 58.42 Roi yie 59-04 50.35 59.66 59.98 60.30 60.62 60.94 61.26 
42 61.58 61.90 (62423) 62.56 62.89 63.22 63.55 63.88 64523 64.55 
43 64.89 65.23 65.57 65.01 66.26 66.60 66.95 67.30 67.64 68.00 
44 68.35 68.70 69.06 69.42 69.78 70.14 70.50 70.87 FL e233 71.60 

45 FL. OV 72234 al 72-72 173.09 15 73-40 ey oct) 74. 22a OO aI TAcOS 75-3 
46 TS 75 70-24 I 70053) 70x02 (77. Sre TT TOM 7OnLO a n7O-.5O ul To 290 79-30 
AT 79.70 80.11 80.51 80.92 81.33 81.74 82.16 82.57 82.00 83-41 
48 83.83 84.25 84.68 85.10 85.53 85.96 86.39 86.83 87.26 87.70 
49 88.14 88.58 89.02 89.47 89.92 90.36 90.82 QL.2 01.72 92.18 

° 1 2 2 4 oS 6 7, 8 te) 
50 92.6 O73 To2) 2 107.3 TL2. 7. FEG2 124.0 I29.0 136.3 142.8 
60 149.6 156.6 164.0 7 dO) L7On5 187.8 196.3 205.2 214.4 224.0 
70 233.9 244.2 254.9 266.0 277A 280.3 301.6 314.4 327.6 340.2 
80 355-4 | 370-0} 385.2 | 400.8 | 417.0 | 433.7 | 451.0 | 468.8 | 487.3 506.3 
90 520.0 540.3 507-2 588.8 61r.1 634.1 657.8 682.2 707.4 733-3 
100 760.0 787.5 815.9 845.0 875.1 906.0 937-8 970.5 | 1004.2 1038.8 
TIO 1074 IIIL 1149 1187 1227 1268 1310 1353 1307 1442 
120 1489 1530 1585 1636 1687 I740 1794 1850 1907 1965 
130 202 2080 2140 227A 2280 2347 2416 2487 2550 2633 
I40 2709 2786 2806 2047 3030 3115 3201 3290 3381 3473 
150 3568 3665 3763 3864 3067 4072 4180 4290 4402 4516 
160 4632 4751 4873 4007 5123 5252 5383 5518 5054 5794 
170 5930 6080 6228 6378 6532 6688 6847 7009 W174 7342 
180 Gases 7688 7865 8046 8230 8417 8608 8802 8000 9200 
190 9404 g612 9823 10040 10260 T0480 I0700 10940 III7oO II4Io0 
200 11650 T1890 I2T40 12400 12650 I2920 13180 13450 13730 I4010 
210 14290 14580 14870 I5160 |" 15470 I5770 16080 16400 16720 17040. 
220 17370 I7710 18050 18390 18740 Igloo 19450 19820 20190 20560 
230 209050 21330 21720 22120 22520 22950 23350 23770 24190 24620 
240 250600 25500 25950 26410 26870 27340 27810 28290 28780 29270 
250 20770 30280 30790 31310 31830 32360 32900 33450 34000 34560 
260 35130 35700 36280 36870 37470 38070 38680 39300 39920 40560 
270 41200 41840 42500 43160 43840 44520 45200 45900 46600 47320 
280 48040 | 48760 | 49500 | 50250] 51000 | 51770 | 52540 | 53320 54110 54910 
290 55710 56530 57300 58190 59040 59890 60750 61620 62510 63400 
300 64300 65210 66130 67060 68000 68960 69920 70890 71870 72860 
310 73870.| 74880 | 75910 | 76940; 77990 | 7ooso | 80120] 81200 | 82200 83300 
320 84500 85630 86760 87910 89070 Q0250 91430 92630 93840 95060 
330 96290 07530 98790 | 100060 | ro1350 | 102640 | 103950 | 105280 | 106600 TO8000 
340 109300 | I10700 | IL2I00 | I13500 | II49Q00 | 116300 | 117800 | I1Q200 | 120700 122200 
350 123700 | 125200 126800 | 128300 | 129900 | 131400 | 133000 | 134600 136300 137900 
300 139600 | 141200 | 142900 | 144600 | 146300 | I48i00 | 149800 | 151600 | 153400 155200 
370 I57000 | 158800 | 160700 | 162600 | 164400 es x 
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TABLES 186-188. 1 
TABLE 186.— Weight in Grams of a Cubic Meter of Saturated Aqueous Vapor. 


0.743 | 0.677 . 559 | 9. 
.820 671 5 - 403 15 
- 144 .828 ' . 261 3 


-559 -947 : +797 if 
. 664 .348 ‘ wOs2 | 23. 
430 578 : -049 | 24. 
.812 .656 : -599 | 41 


For higher temperatures, see Table 250. 
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Tables are abridged from Smithsonian Meteorological Tables, fourth revised edition. 


TABLE 188.— Pressure of Aqueous Vapor in the Atmosphere. 


For various altitudes (barometric readings). 


The first column gives the depression of the wet-bulb temperature ti: below the air temperature ¢. The value cor- 
responding to the barometric height at the altitude of observation is to besubtracted from the vapor pressure corre- 
sponding to the wet-bulb temperature taken from Table 185. The temperature corresponding to this vapor pressure 
taken from Table 185 is the dew point. The wet bulb should be ventilated about 3 meters per second. For sea-level 
use Table 189. Example: ¢ = 35°, ft: = 30°, barometer 74 cm. Then 31.83 — 2.46 = 29.37 mm = aqueous vapor 
pressure; the dew point is 28.6° C. 

Abridged from Smithsonian Meteorological Tables, 1907. 


Barometric pressure in centimeters. 
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186 TABLE 189. 1 
PRESSURE OF AQUEOUS VAPOR IN THE ATMOSPHERE. 


This table gives the vapor pressure corresponding to various values of the difference 4 — between the readings of 
dry and wet bulb thermometers and the temperature 4 of the wet bulb thermometer. The difference ¢ — 4: is given 
by two-degree steps in the top line, and & by degrees in the first column. Temperatures in Centigrade degrees, vapor 
pressures in millimeters of mercury are used throughout the table. The table was calculated for barometric pressure 
B equal to 76 centimeters. A correction is given for each centimeter at the top of the columns. Ventilating velocity 
of wet thermometer about 3 meters per second. 


a ye fh 2° 4° 6° 3° t0° ae 14° 16° 18° 20° Differ- 
ence 
for 

e i a ae ee | SY TT 

eB per cen org .026 | .o4o | .053 .066 | .079 | .092 . 106 11g | .132 | $74 
—rI0 1.96 | 0.97 = = = Example. 0.050 
1=9 214! I.15 0.16 = = 0.050 
— 8 2.34 1.35 0.35 _— _— t= 17,23 th = 10.0; B = 74.5 cm 0.050 
-— 7 2755 I.56 0.66 = = t—t =7.2 0.050 
— 6 2.78 1.78 °.79 — _— From table: 6.17 — 12 X 0.050 = 5.57 0.050 

For B, 1.5 X .048 - = .07 

—5 3.02 2.03 I.03 0.03 — Hence p = 5.64 0.050 
—4 3.20 2.20 I.29 | 0.29 —_— 0.050 
— 3 BSS 2.58 1.58 0.58 — 9.050 
—2 3.80 2.89 1.89 0.88 — = = = — = —— 0.050 
—PT 4.22 3.22 2.22 nee 0.21 =a 0.050 
° 4.58 3.58 2.57 Le57 0.57 — = = == pe) 0.050 

7 4.92 3.92 2.92 I.QI 0.91 = = — = ae — 0.050 

2 5.20 4.29 3.28 2127, Ei2y; 0.26 _ = = — => 0.050 

3 5.68 4.68 3.67 2.66 1.66 0.65 == 0.050 

4 6.10 5.09 4.08 3.07 2.07 1.06 0.05 — — — _— 0.050 

5 6.54 8.53 4.52 ES 2.5% 1,56 0.49 _— — — -- 0.050 

6 7.01 6.00 4.99 3.98 2.07 1.96 0.95 —_— — —_— _ 0.050 

ME 7.51 6.50 5.40 4.48 3.47 2.46 1.45 0.43 -- a — ©.050 

8 8.04 7.03 6.02 5.0L 4.00 2.98 1.97 0.96 — — — 0.050 

9 8.61 7.60 6.58 eeye 4.56 3-54 253) Lose, 0.50 os — ©.050 

Io 9.21 8.20 7.18 6.17 5.58 4.14 3.32 2.11 1.09 0.08 — 0.050 

It 9.85 8.83 7 81 6.80 5:78 wee, 3.75 2.73 5.72 0.70 | *— 0.051 

12 10.52 9.50 8.49 TAT 6.45 5.44 4.42 3-40 2.38 2.37 0.35 | 0.051 

13 Dr 24 LOL22 9.20 8.18 7.16 6.14 ye 4.11 3.09 2.07 I.05 | 0.052 

14 II.99 | 10.97 9.95 8.03 ¥Or 6.90 5.88 4.86 3.84 2.82 1.80 | 0.051 

15 £2.79) ||| tr. 77, || 10.75 0-73 8.71 7.69 6.67 5.65 4.63 3.61 2 0.051 

16 13.64 | 12.62 | 11.60 | 10.58 9.96 8.53 7.81 6.40 5.47 4.45 ae ° oes 

57 E4554 | ¥3.52-) I2.40 | 11-47 || 70.45 9.42 8.40 7.38 6.36 5.33 4.31 | 0.051 

18 15.49 | 14.46 | 13.44 | 12.42 | 11.39 | 10.37 9-34 8.32 7.30 6.2 5.25 | 0.051 

19 16.49 | 15.46 | 14.44 | 23.4r | 12.39 | 12.36 | 10.34 9.31 8.29 7.26 6.24 | 0.051 

20 L755 | LO, 52)] DS. 50M) Lan wig \rs. ada L2.42: ce. 3O) i tO.30 : 8.31 7.29 | 0.051 

21 £8.06] £7.64 | 26.62 | Ts. RS | 4.66.) 23.83) 22.50 | Era? ie ae S250 ° soe 

22 t9.84 | 18.82 }| 7.79 | 16.76 | 15.73 | 14.70 |.23.67 | 12.64 | rz.62 | 20.50 | Io. 57 | o.05r 

23 21.09 | 20.06 | 19.03 | 18.00 | 16.97 | 15.04 | 14.91 | 13.88 | 12.85 | 11.82 | 10.79 | 0.051 

24 22.40 | 21.37 | 20.34 | 19.31 | 18.27 | 17.24 | 16.2r | 15.18 | r4.r5 | 13.12 | 12.00 | 0.055 

25 23.78 | 22.75 | 21.71 | 20.68,| 19.65 | 18.62 | 17.59 | 16.56 | 15.52 | 14.49 | 13.46 | 0.052 

26 25.24 | 24.20 | 23.17 | 22.14 | 21.10 | 20.07 | 19.04 | 18.00 | 16.97 | 15.94 | 14.90 | 0.052 

27 20.77 | 25.73 | 24.70 | 23.66 | 22.63 | 21.60 | 20.56 | 19.53 | 18.49 | 17.46 | 16.42 | 0.052 

28 28.38 ||-27.34.| 20.31 | 25.27 | 24.24 | 23.20'| 22.17 |} 21.23 | 20.20 | 19.061 | 18.02 || vo,052 

20 30.08 | 29.04 | 28.00 | 26.97 | 25.93 | 24.89 | 23.86 | 22.82 E.¥S | 20.9 I9.7I | 0.052 

30 31.86 | 30.82 | 29.78 | 28.75 | 27.7r | 26.67 | 25.63 | 24.60.] 23.56 | 22.52 | ar 

Che 33-74 | 32.70 | 31.66 | 30.62 | 29.58 | 28.54 | 27.50 | 26.46 a SY 24.38 | 23 . x oe 

32 35-70 | 34.66 | 33.62 | 32.58 | 31.54 | 30.50 | 29.46 | 28.42 | 27.38 | 26.34 | 25.30 | 0.052 

33 | 37-78 | 36.73 | 35.60 | 34.65 | 33.61 2.57 | 31-53 | 30.49 | 20.44 | 28.40 | 27.36 | 0,052 

34 | 39-95 | 38.90 | 37.86 | 36.82 | 35.78 | 34-73 | 33-69 | 32.05 | 31.61 | 30.57 | 29.52 | 0.052 

35 | 42.23 | 41.18 | 40.14 | 39.r0 | 38.05 | 37.01 | 35.07 | 34.92 | 33.88 | 32.8 I ° 

36 | 44.62 | 43.57 | 42.53 | 41.48 | 40.44 | 39-40 | 38.35 | 37.3% | 36.26 35 ie a se ° oa 

37 | 47-13 | 46.08 | 45.04 | 43.99 | 42.94 | 42.90 | 40.85 | 39.8r | 38.76 | 37.71 | 36.67 | 0.052 

38 | 49.76 | 48.72 | 47.60 | 46.62 | 45.57 | 44.52 | 43.47 | 42.43 | 41.38 | 40.33 | 39.20 | 0.052 

39 2.5% | 51.46 | 50.41 | 49.37 | 48.32 | 47.27 | 46.22 | 45.17 | 44.12 | 43.08 2.03 | 0.052 

40 | 55.40 | 54.35 | 53.30 | 52.25 | 51.20] 50.15 | 49.10 | 48.05 | 47.00 | 45.95 | 44.00 | 0.052 
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Taste 190. 187 
RELATIVE HUMIDITY. 


Vertical argument is the observed vapor pressure which may be computed from the wet and dry- 
bulb readings through Table 188 or 189. The horizontal argument is the observed air temperature 
Rea oelh reading). Based upon Table 43, p. 142, Smithsonian Meteorological Tables, 3d Revised 

ition, 1907. 


Vapor Air Temperatures, dry bulb, ° Centigrade. 
] \Pressure. 
mm. 0 —5° —@° —7o —g° —9° —10° —11lo —12° —1g° —14° —15° —20° 


0.25 6 ; 18 
0.50 I iy 37 
0.75 21 55 


1.00 74 
1.25 92 
1.50 
1.75 


2.00 
2.25 5 

2.50 3.50 
ay is) 3.75 
3.00 : 4.00 
3.25 - 4.25 
3.50 4.50 


Os | 
Vapor Air Temperatures, dry bulb, ° Centigrade. 


Pressure. 
mm, 6° 1 ase g° 10° 11° 12° 13° 14° 16° 17° 
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188 TABLE 190 (continued). 
RELATIVE HUMIDITY. 


Vapor Air Temperatures, dry bulb, ° Centigrade. 
Pressure. 
mm. 21° 22° 23° 26° 27° 289 29° 30° 31° 32° 33° 34° 
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SMITHSONIAN TABLES, 


TaBLes 190 (concluded), 491, 189 
TABLE 190 (concluded).—Relative Humidity, : 


(Data from 20° to 60° C. based upon Table 18s). 


Air Temperatures, dry bulb, ° Centigrade. 


Vapor 
Pressure. 
mm. 46° 47° 48° 49° 50° 51° 52° 53° 54° 


TABLE 191.— Relative Humidity. 


This table gives the relative humidity direct from the difference between the reading of the dry (t° C.) and the wet 
(t; °C.) thermometer. It is computed for a barometer reading of 76 cm. The wet thermometer should be ventilated 
about 3 meters per second. From manuscript tables computed at the U.S. Weather Bureau. 


Depression of wet-bulb thermometer, t°-t,°. 


1:29" 1.40, 16° 1.89 §2.0° 2.59 3.0° 


25 16 
39 32 
50 44 
59 54 
66 61 
TE OF 
if) 72 


1.027 1.59 -2.0° ‘ i : 4:09" 4.52 
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TABLES 192-193. 


CORRECTION FOR TEMPERATURE OF EMERGENT MERCURIAL 
THERMOMETER THREAD. 


When the temperature of a portion of a thermometer stem with its mercury thread differs 
much from that of the bulb, a correction is necessary to the observed temperature unless the 
instrument has been calibrated for the experimental conditions. This stem correction is pro- 
portional to »8(T — 2),-where n is the number of degrees in the exposed stem, 6 the apparent 
coefficient of expansion of mercury in the glass, 7 the measured temperature, and ¢ the mean 
temperature of the exposed stem. For temperatures up to 100° C, the value of 8 is for Jena 
16™ or Greiner and Friedrich resistance glass, o.ooo1s9, for Jena 59@, 0.000164, and when of 
unknown composition it is best to use a value of about 0.000155. The formula requires a knowl- 
edge of the temperature of the emergent stem. This may be approximated in one of three ways: 
(1) by a “fadenthermometer”’ (see Buckingham, Bulletin Bureau of Standards, 8, p. 239, 1912); 
(2) by exploring the temperature distribution of the stem and calculating its mean tempera- 
ture; and (3) by suspending along the side of, or attaching to the stem, a single thermometer. 
Table 192 is taken from the Smithsonian Meteorological Tables, Tables 193-195 from Rimbach, 
& f. Instrumentenkunde, 10, p. 153, 1890, and apply to thermometers of Jena or resistance 
glass. 


190 


TABLE 192.— Stem Correction for Centigrade Thermometers. 


Values of 0.000155(T — 2). 
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TABLE 193.— Stem Correction for Thermometer of Jena Glass (0° to 360° C); 


Degree length 0.9 to 1.1 mm; ¢ = the observed temperature; #’ = that of the surroundi i 
= unding air 
1 dm. away; 2 = the length of ‘the exposed thread. ee 


Correction to be added to the reading t. 
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TABLES 194, 195, Ig 


CORRECTION FOR TEMPERATURE OF MERCURY IN THERMOMETER 
STEM (continued). 


TABLE 194, —Stem Correction for Thermometer of Jena Glass (0°-360° ©). 


Degree length 1 to 1.6 mm.; ¢=the observed temperature; 7=that of the surrounding air 
one dm. away; =the length of the exposed thread. 


CoRRECTION TO BE ADDED TO THERMOMETER READING.* 


pont 
DAwoodn 


Rane BROW WHHD 
we OU 
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* See Hovestadt’s ‘‘ Jena Glass”’ (translated by J. D. and A. Everett) for data on changes of thermometer zeros. 


TABLE 195, —Stem Correction for a so-called Normal Thermometer of Jena Glass (0°-100° ©). 
Divided into tenth degrees; degree length about 4 mm. 


CORRECTION TO BE ADDED TO THE Rgapinc f. 


t—tv 


55° 60° 


0.06 | 0.06 
0.16 | 0.17 
0.27 
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192 TaBLes 196-199. 


THERMOMETERS. 


TABLE 196,—Gas and Mercury Thermometers. 


If ¢u, 2x, 4002, 416, é59, Zr, are temperatures measured with the hydrogen, nitrogen, carbonic acid, 
1644, so, and “ verre dur” (Tonnelot), respectively, then 


ta —try = = a [— 0.61859 + 0.0047351.¢ — 0.000011 577./7]* 
ty—tr = ee [— 0.55541 + 0.0048240.¢ — 0.000024807.2?]* 
toog— ty = oa [— 0.33386 + 0.00399 10.¢— 0.000016678.77 |* 
ta — 41g = a [— 0.67039 + 0.0047351.¢ — 0.000011 577.27 ]f 
ta — t59 = > [— 0.31089 ++ 0.0047 351.4 — 0,000011 577.27] f 


* Chappuis; Tray. et Mém. du Bur. internat. des Poids et Mes. 6, 1888. 
+ Thiesen, Scheel, Sell; Wiss. Abh, d. Phys. Techn. Reichanstalt, 2, 1895; Scheel; Wied. Ann. 58, 1896; D. Mech. 


Ztg. 1897. : 


TABLE 197. tu—tie (Hydrogen—16"”), 


TABLE 198. ta—ts (Hydrogen— 59!1), 


—.016°| —.o18°) —.020°) —.o22° 
O32) //-— OR ay —-034 | —-035 
| —.038 | —.038 | —.038 | —.038 
—-036 | —.035 | —.035 | —.034 
—.029 | —.028 | Heese) |) oy, 
—.020 | —.o19 | —.o18 | —.o17 


| —.o1t | —.o10 | —.009 | —.008 

| —.003 | —.003 | —.o02 | —.oo1 

| +.0or +.002 | +.002 | +.002 

| +.0oo1 | +.00r | +.001 | 000 
| | | 


TABLE 199. (Hydrogen —16'"), (Hydrogen — 59!"1), 


—10° —15 —20° 


tu — tig +0,04° —++0.08° 0.1 3° +0.19° 
tn — t59 ++0.02° | +0.04° | -+0.07° | —+-o.10° 


All compiled from Landolt-Bérnstein-Meyerhoffer’s Physikalisch-chemische Tabellen. 
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TABLES 200, 201. 193 


AIR AND MERCURY THERMOMETERS. 


TABLE 200. tai—tis. (Air —16".) 


Note: See Circular 8, Bureau of Standards relative to use of thermometers and the various 
precautions and corrections. 


TABLE 201. tarr—ts. (Alr—59".) 


SMITHSONIAN TABLES. 


194 TaBLes 202-204. 


GAS, MERCURY, ALCOHOL, TOLUOL, PETROLETHER, PENTANE, 
THERMOMETERS. 


TABLE 202. —t!—ty (Hydrogen-Mercury). 


Nitrogen CO, Ther- | 


Temper-| Thuringer| Verre dur. | Resistance Cel Choisy-le- Thennondeter Maneater 


ature, C.| Glass.* | Tonnelot.t Glass.* Glass:* Roi.* Ta—Iy.t |Ta—Toost 


* Schlosser, Zt. Instrkde. 21, 1901. + Chappuis, Trav. et mém. du Bur. Intern. des Poids et Mes. 6, 1888. 


TABLE 203. — Comparison of Air and High Temperature Mercury Thermometers, 


Comparison of the air thermometer with the high temperature mercury thermometer, filled under 
pressure and made of 59" glass. 


Mahlke, Wied. Ann. 1894. 


TABLE 204. —Comparison of Hydrogen and Other Thermometers. 


Comparison of the hydrogen thermometer with the toluol, alcohol, petrolether, and pentane ther- 
mometers (verre dur). 


Hydrogen. Toluol.* Alcohol I.* Alcohol II.* Petrolether.t Pentane.t 


° 
0.00 
—3.54 
—16.90 
—25,.10 


ments) 
—41.08 
—48.90 
—56.63 


* Chappuis, Arch. sc. phys. (3) 18, 1892. t+ Holborn, Ann. d. Phys. (4) 6, 1901. + Rothe, unpublished. 
All compiled from Landolt-Bérnstein-Meyerhoffer’s Physikalisch-chemisohe Tabellen. 
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TABLES 205-207. 
TABLE 205.—Platinum Resistance Thermometers, 


105. 


Callendar has shown that if we define the platinum temperature, pt, by pt = 1004 (R — Ro) 
/(Ri00 —Ro) }, where R is the observed resistance at t° C., Ro that at O°, Rio9 at 100°, then the re- 
lation between the platinum temperature and the temperature t on the scale of the gas thermo- 
meter is represented by t — pt=8{ t/ 100 —1 }t/100 where 3 is a constant for any given sample 
of platinum and about 1.50 for pure platinum (impure platinum having higher values). This holds 
good between — 23° and 450° when 6 has been determined by the boiling point of sulphur (445°.) 


See Waidner and Burgess, Bul. Bureau Standards, 6, Pp. 149, 1909. Also Bureau reprints 124, 
143 and 149. ; 


TABLE 206,—Thermodynamic Temperature of the Ice Point, and Reduction to 
Thermodynamic Scale, 


Mean = 273.13° C. (ice point). 


For a discussion of the various values and for the corrections of the various gas thermometers to 
the thermodynamic scale see Buckingham, Bull. Bureau Standards, 3, p. 237, 1907. 


Scale Corrections for Gas Thermometers, 


Constant pressure = 76 cm. Constant volume ©5 = 273.10 C. 


He He 


a 
° 
S) 
ee ergs 


tt+++] | 1+ 


ae . 


+4441 | (++ 
+t+4++ 


Qe 


See Burgess, The Present Status of the Temperature Scale, Chemical News, 107, p. 169, 1913. 


TABLE 207,—Standard Points for the Calibration of Thermometers. 


Temperatures. 


Substance. ‘ Crucible. 


Nitrogen Scale. |Thermodynamic, 


°C, cc: 
Water boiling, 760 mm. i - 100.00 100.00 
Naphthalene ug age - 218.0 218.0 
Benzophenone e be Es: = . | 305.85 0.1 305-9 
Cadmium melting or solidify. i graphite 320.8 0.2 320.9 
Zinc “ eae ‘ 419.3 10.3 419.4 
Sulphur boiling, 760 mm. ae 444.45 + 0.1 444.55 
Antimony melting or solidify. graphite 629.8 +o.5 630.0 
Aluminum solidification 2 658.5 0.6 658.7 
Silver melting or solidify. 960.0 + 0.7 
Gold cs ee 1062.4 -+0.8 
Copper ue ari 1082.6 +0.8 
LigSiOg melting air platinum 1201.0 | 1.0 
Diopside, pure - : st 
Nickel melting or solidify. |H and N; magnesia and 
Mg. aluminate 
Cobalt magnesia 
Palladium cf 
Anorthite, pure | melting platinum 
Platinum e 


——— 


Ss) 
° 


HHH H- 


* Thermoelectric extrapolation. + Optical extrapolation. 


(Day and Sosman, Journal de Physique, 1912. Mesure des témperatures élevées.) A few addi- 
tional points are: H, boils — 252.7°; O, boils — 182.9°; CO, sublimes — 78.5°; Hg. freezes — 37.7°; 
Alumina melts 2000°; Tungsten melts 3400°. 
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196 TaBLes 208-209. 


TABLE 208.—Standard Calibration Curve for Pt. — Pt. Rh. (10% Rh.) Thermo-Element. 


Giving the temperature for every 100 microvolts. For‘use in conjunction with a deviation curve determined by cali- 
bration of the particular element at some of the following fixed po nts: 


et boiling-pt. 100.0 643my. ae melting-pt. oe. Z 2 : z nem 
apthalene 217. 158 1062. 

Tin melting-pt. 2. a ve I ae Copper =i “ 1082.8 10534 
Benzophenone boiling-pt. 305.9 2305 Li, SiOz re ee 4201. IIQ4I 
Cadmium melting-pt. 320.9 2503 Diopside ee Us 1301.5 14230 
Zinc me aE 410.4 3430 Nickel SON ae 1452.6 14973 
Sulphur boiling-pt. 444.55 3672 

Antimony melting-pt. 630.0 5530 Palladium ce CS 1540.5 16144 
Aluminum “4 ih 658.7 5827 Platinum ae ee 1755- 18608 


° | is c 3000. | 4000. | 5000. | 6000. 


TEMPERATURES, °C. 


0.0 374.3 478.1 578.3 675-3 769.5 | 861.1 950.4 
17.8 384.09 488.3 588.1 684.8 778.8 | 870.1 959-2 
34:5 395-4 408.4 597-9 604.3 788.0 879.1 968.0 
§0.3 405.9 508.5 607.7 703.8 707.2 888.1 976.7 
65.4 : 416.3 518.6 617.4 713.3 806.4 | 807.1 985-4 
80.0 426.7 528.6 627.1 722.7 815.6 906.1 9094-1 
94.1 437-1 538.6 636.8 732.1 824.7 915.0 1002.8 

107.8 447.4 548.6 646.5 741.5 833.8 923-0 IOII.5 
121.2 457.7 558.5 656.1 750.9 842.9 932.8 1020.1 
134.3 467.0 568.4 665.7 760.2 852.0 941.6 1028.7 
147.1 478.1 578.3 675-3 760.5 861.1 950.4 1037.3 


10000, 13000. 14000. . 15000. 16000. 17000. 18000. 


TEMPERATURES, °C. 


1122.2 1289.3 1372.4 1454.8 1620.9 
1130.6 1207.7 1380.7 1463.0 1629.2 
1139.0 1306.0 1389.0 1471.2 1637.6 
1147.4 1314.3 1397-3 1470.4 1645.9 
1155.8 1322.6 1405.6 1487.7 1654.3 
1164.2 1330.9 1413.8 1496.0 1662.6 
1172.5 1339.2 1422,0 1504.3 1670.9 
1180.9 1347.5 1430.2 1512.6 1679.3 
1189.2 1355.8 1438.4 1520.9 1687.6 
1197.6 1364.1 1446.6 1520.2 1696.0 
1205.9 1372.4 1454.8 1537-5 1704.3 


TABLE 209.—Standard Calibration Curve for Copper — Constantan Thermo-Element. 


For use in conjunction with a deviation curve determined by the calibration of the particular element at some of the 
following fixed points: 

Water, boiling-point, 100°, 4276 microvolts; Napthalene, boiling-point, 217.95, 10248 mv.; Tin, melting-point, 231.9, 
11009 mv.; Benzophenone, boiling-point, 305.9, 15203 mv.; Cadmium, melting-point, 320.9, 16083 mv. y 


4000. 5000. 6000. | 7000. | 8000. QoO00. 


l 
TEMPERATURES, °C. 


25.27 72.08 94.07 | 115.31 | 135.0% : 175-50 | 1094.62 
27.72 74-31 90.23 | 117.40 | 137.04 : 177-43 | 106.51 | 
30.15 | 53.85 | 76.54 98.38 | 119.48 | 130.96 .8¢ 179.36 | 108.40 
32.57 56.16 78.76 100.52 121.56 141.98 .86 181.28 | 200.28 
34.08 | 58.46 | 80.97 | 102.66 | 123.63 | 143.00 : 183.20 | 202.16 
37.38 | 60.76 83.17 104.79 125.69 146.00 é 185.11 | 204.04 
39.77 63.04 85.37 106.91 127.75 148.00 73 187.02 | 205.91 
42.15 65.31 87.56 109.02 129.80 150.00 A 188.93 |. 207.78 
44.5t | 67.58 | 80.74 | r11.12'| 131.84 | 151.99 : 190.83 | 200.64 
40.86 60.83 QT.o1 TT3.22 133.88 153-07 “6 192.73 | 211.50 
49.20 | 72.08 | 04.07 | 115.3r | 135.9% | 155.05 s 104.62 | 213.36 


| 12000. | 13000. | 14000. | 15000. | 16000. | 17000. 18000. || 
i} 


TEMPERATURES, °C. 


285.13 336.36 
286.87 338.04 
288.61 330.72 
200.35 341.40 
goa.08 343.07 
203.81 344.74 
205.54 346.41 
297.20 348.08 
298.8 349.75 
300.70 351.42 
$02.42 353-09 


Cf. Day and Sosman, Am. Jour. Sci. 29, p. 93, 32, p. 51, ; ibid. R. B. Sosman, 30, p. I. 
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TaBLes 210-213, 197 
MECHANICAL EQUIVALENT OF HEAT. 
TABLE 210.—Summary of Older Work, 


Taken from J. S. Ames, L’équivalent mécanique de la chaleur, Rapports présentés au congrés 
international du physique, Paris, 1900. 
Reduced to Gram-calorie at 20° C. (Nitrogen thermometer). 


* 
Joulew ae. . | 4.169 X Io’ ergs. 4.169 X Io! ergs. 
Rowland . . ./| 4.181 ae 4.181 a ad 
Gmufiths eae st 4.192 4.184 


Schuster-Gannon 4.189 4-181 
Callendar-Barnes | 4.186 4.178 


* Admitting an error of x part per rooo in the electrical scale. 
The mean of the last four then gives 
1 gram (20° C) oalorie= 4.181 X 107 ergs. See next table. 
x gram (15° C.) calorie = 4.185 X 107 ergs assuming sp. ht. of water at 20° =0.9990. 


TABLE 211.—(1915,) Best Value, Electrical and Mechanical Equivalents of Heat, 


_ Since the preparation of Dr. Ames’ Paris report, considerable work has been done on the me- 
chanical equivalent of heat, including recomputations from the older measurements using better 
values for some of the electrical relations, etc. Taking all the available material into account the 
U.S. Bureau of Standards has adopted, provisionally, the relation 


1 (20° C.) gram-calorie= 4.183 international electric joules. 


No exact comparison between the results of electrical equivalent and mechanical equivalent of 
heat measurements can be made without exact knowledge of the relations between the interna- 
tional and absolute electrical units. A recent absolute measurement of absolute resistance by F. 
E. Smith of the National Physical Laboratory of England indicates a difference of one part in 2000 
between the international and absolute ohms. Pending the general acceptance of some definite 
figure for this relation it is useless to fix upon a single value to use for “J ” better than about one 
part ina thousand. The value 


4.183 international jonles = probably 4.184 mechanical joules. 
This value is made the basis of the following table. 


TABLE 212.—Conversion Factors for Units of Work, 


Kilogram- 20° British ther- 


Foot-pounds. meters. Calories. mal units. 


Kilowatt-hours. 


rT Joule’. «, 

Foot-pound 
Kilogram-meter 

20° Calorie . 
British thermal 
unit ae 
Kilowatt-hour . 


0.7376t | 0.1020f | 0.2390 0.0009476 | 0.2778X10—§ 
I 0.1383 0.3240* | 0,001285* | 0.3766 10—* 
7.233 I 2.344* | 0.009293* | 2.724X10—8* 
3.086T 0.4267 T I 0.003965 | 1.162xX10—§ 


778.31 ) 107.6 252.2 I 0.0002931 
2 655 000.T | 367 100.f | 860 300. | 3411. I 


Il II 


The value used for gis the standard value, 980.665 cm. per sec. per sec.=32.174 feet per sec. per sec. 
* The values thus marked vary directly with “g.” pits 
+The values thus marked vary inversely with “g.’? For values of “g” see Tables 565-567. 


213.—Value of the English and American Horsepower (746 watts) in Local Foot-pounds 
hea and Kilogram-meters per Second at Various Altitudes and Latitudes, 


Kilogram-meters per second. Foot-pounds per second. 
Altitude Latitude. Latitude. 
0° 30° | 45° | 60° | go° °° | 30° 45° | 60° . | 90° 


o km. | 76.275 | 76.175| 76.074|75.973| 75-873 | 551-70] 550.97 | 550.24 | 549.52] 548.79 
1.5 “ 176.297) 76.197| 76.095 | 75.995 | 75-895 || 551-86] 551.13] 550-41 | 549.68) 548.95 
3.0 “ 176.320) 76.220] 76.119 76.018 | 75.918 552-03 | 551.30] 550.57} 549-85 | 549.12 


i 
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198 TABLE 214. 
MELTING POINTS OF THE CHEMICAL ELEMENTS. 
- The metals in heavier type are often used as standards. ; 

The melting points are reduced as far as possible to a common (thermodynamic) temperature 
scale. This scale is defined in terms of Wien’s law, with C, taken as 14,350, and on which the 
melting point of platinum is 1755° C (Nernst and Wartenburg, 1751; Waidner and Burgess, - 
1753; Day and Sosman, 1755; Holborn and Valentiner, 1770; see C. R. 148, p. 1177, 1909). 
Above 1100° C, the temperatures are expressed to the nearest 5° C. Temperatures above the 
platinum point may be uncertain by over 50° C. ; 


; 
Melting 
Element. ee Remarks. Element. 


Aluminum.| 658.7 Most samples Manganese. . Burgess-Waltenberg. 
give 657 or less |} Mercury... . ; 
(Burgess). Molybdenum 53 Mendenhall-Forsythe 
Antimony .| 630.0 Neodymium. 840? (Muthmann-Weiss.) 
=253¢ 
Ramsay-Travers. 1452 Day, Sosman, Bur- 
NELSONO. 5 gess, Waltenberg. 
Barium... . (Guntz.) Niobium... . 1700? 
Beryllium. . Nitrogen... . —211 (Fischer-Alt.) 
Bismuth... Adjusted. Osmium. ...|About 2700|(Waidner-Burgess, 
unpublished.) 
2200-2500? 
Bromine...| —7.3 Palladium. .| 1549 + 5 |(Waidner-Burgess, 
Cadmium..}| 320.9 |Range: 320.7- Nernst-Wartenburg, 
320.0 Day and Sosman.) 
Cesium... . 26 Range: . 26.37- 
2553 Phosphorus.. 44.2 
Calcium... 810 Adjusted. Platinum...| 1755 + 5 |See Note. 
Carbon....| (>3500) |Sublimes. Potassium.. . 62.3 
Cerium? =. 640 Presodymium 940 (Muthmann-Weiss.) 
Chlorine...) —1o1.5  |(Olszewski.) Radium..... 
Rhodium... . (Mendenhall-Inger- 


Chromium. 1615 |Burgess-Walten- 
berg. Rubidium... 
Cobaltmerr 1480 |Burgess-Walten- |} Ruthenium.. 
berg. Samarium.. .| 1300-1400 |(Muthmann-Weiss.) 
=) 


Scandium... f 
Copper....| 1083 + 3 |Mean, Holborn-|| Selenium....} 217-220 
Day, Day- 1420 ~=|Adjusted. 
Clement. i 960.5 jAdjusted. 
Erbium.... Sodium 97-5 
Fluorine...| —223 |(Moissan-Dew- Strontium... Between Ca and Ba? 
ar.) S; 112.8]Various Forms. See 
Sulphur.....}4 Si: 119.2} Landolt-Bérnstein. 
Siz 106.8 
Gallium... 30.1 
Germanium 958 Tantalum... 2900 Adjusted from Waid- 
Gold......] 1063.0 {Adjusted. ner-Burgess = 2910. 
Helium....| <—271 
Hydrogen..| —259 Tellurium... 452 Adjusted. 
155 (Thiel.) Thallium... . 302 
113.5 |Range: r12-115.|| Thorium....] >1700 |v. Wartenburg. 
<Mo 
2350? 231.0 = .2 
Titanium... 1795 Burgess-Waltenberg. 
1530 hela hea a Tungsten... 3400 Adjusted. 
erg. 
Krypton...| —169 |(Ramsay.) 
Lanthanum 810? (Muthmann- Uranium....| <1850 |Moissan. 
Weiss.) Vanadium.. . 1720 Burgess-Waltenberg. 
327 0.5 c —140 |Ramsay. 


: 1490 
Lithium. .. 186 (Kahlbaum.) 419.4 
Magnesium 651 (Grube) in clay|| Zirconium.. . 1700? 
crucibles, 635. 


SMITHSONIAN TABLES. 


TABLE 215. 


rO9 


BOILING-POINTS OF THE CHEMICAL ELEMENTS. 


Boiling- 

Element. Range oe Observer; Remarks. 
Aluminum - 1800, Greenwood, Ch. News, 100, 1909. 
Antimony - 1440. 

Argon - —186.1 | Ramsay-Travers, Z. Phys. Ch. 38, 1go1. 
Arsenic 449-450 - Gray, sublimes, Conechy. 

" Si | >360. Black, sublimes, Engel, C. R. 96. 1883. 

as 280-310 - Yellow, sublimes. 
Barium - - Boils in vacuo, Guntz, 1903. 
Bismuth 1420-1435 | 1430. | Barus, 1894; Greenwood, l. c. 
Boron oo - Volatilizes without melting i in electric arc. 
Bromine 59-63 61.1 | Thorpe, 1880; van der Plaats, 1886. 
Cadmium - 778. | Berthelot, 1902. 
Cesium - 670. | Ruff-Johannsen., 
Carbon ~ 3600 Conputed, Violle, C. R. 120, 1895. 

a = | = Volatilizes without melting in electric oven. 

, Moisson. 

Chlorine - | —33.6]| Regnault, 1863. 

Chromium - 2200. -| Greenwood, Ch. News, 100, 1909. 
Copper 2100-2310 | 2310. es Le: 

Fluorine - —187. Moisson-Dewar, C. R. 136, 1903. 
Helium - —267. Computed, Tracers Ch. News, 86, 1902. 
Hydrogen 252.5-252.8) —252.6 | Mean. 

lodine - > 200. 

Tron 2450 Greenwood, l.c. 

Krypton —I51.7 | Ramsay, Ch. News, 87, 1903. 

Lead - 1525 Greenwood, l. c 

Lithium - 1400 Ruff- panee ees Ch. Ber. 38, 1905. 
Magnesium - 1120 Greenwood, 1 c. 

Manganese - 1900 as ip 

Mercury - Bove Crafts; Regnault. 

Molybdenum - 3620. Langmuir, Mackay, EN Rey. 1914. 
Neon - | —239. Dewar, IgOl. 

Nitrogen 195.7-194.4| —195. | Mean. 

Oxygen 182.5-182.9| —182.7 oe 

Ozone = —I119 Troost. C. R. 126, 1898. 
Phosphorus 287-290 288. . 
| Platinum - 3910. Langmuir, Mackay, Phys. Rev. 1914. 
Potassium 667-757 712 Perman; Ruff-Johannsen. 
Rubidium = 696. Ruff-Johannsen. 

Selenium 664-094 690. 

Silver ~ 1955. Greenwood, I. c, 

Sodium 742-757 750 Perman; Ruff-Johannsen. 

Sulphur 444.7-445 444.7 Mean. 

Tellurium - 1390. Deville-Troost, C. R. 91, 1880. 
Thallium - 1280. v. Wartenberg, 25 Anorg. Ch. 56, 1908. 
Tin - 2270 Greenwood, l.c. 

Tungsten - 5830. Langmuir. Phys. Rev. 1913. 

Xenon - —I109.1 Ramsay, Z. Phys, Ch. 44, 1903. 

Zinc g16-942 930. 
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TABLES 216-218. 


200 ‘ ; 
TABLE 216.— Effect of Pressure on Melting Point. 


Highest At (observed) | 

Sub Melting point experimental di/dp ne 
upstance. at 1 kg/sq. cm pressure: at 1 kg/sq. cm. 1000 kg/sq. cm 

kg/sq. cm 


Reference 


.OO5II 
.0136 

.00860 
. 00342 
. 00317 
- 00344 
.00609 
-00777 


On 
Ke) 
on 


OCS 0 aX w 
iS) 


to | 
“Oo wW 
AHN co 


Ww 
td 
ie) 


Wwwuwb Bd H 


* A t (observed) for 10,000 kg/sq. cm is 50.8°. - ys 

+Na melts at 177.5° at 12,000 kg/cm?; K at 179.6°; Bi at 218.3°; Pb at 644°. Luckey 
obtains melting point for tungsten as follows: ratme, 3623° K; 8, 3594; 18, 3572; 28, 3504. 
Phys. Rev. 1917. 

References: (1) P. W. Bridgman, Proc. Am. Acad. 47, pp. 391-96, 416-19, 1911; (2) G. 
Tammann, Kristallisieren und Schmelzen, Leipzig, 1903, pp. 98-99; (3) J. Johnston and 
L. H. Adams, Am. J. Sci. 31, p. 516, t911; (4) P. W. Bridgman, Phys. Rev. 6, 1, 1915. 

A large number of organic substances, selected on account of their low melting points, have 
also been investigated: by Tammann, loc. cit.; G. A. Hulett, Z. physik. Chem. 28, p. 629, 1899; 
F. Korber, ibid., 82, p. 45, 1913; E. A. Block, ibid., 82, p. 403, 1913; Bridgman, Phys. Rev. 3, 
126, 1914; Pr. Am. Acad. 51, 55, 1915; 51, 581, 1916; 52, 57,1916; 52,91, 1916. The results 
for water are given in the following table. 


TABLE 217. — Effect of Pressure on the Freezing Point of Water (Bridgman”*). 


Pressure: T 


e/a Freezing point. Phases in Equilibrium. 


Ice I — liquid. 

Ice I — liquid. 

Ice I — liquid. 

Ice I — ice III — liquid (triple point). 
Ice III — liquid. 

Ice III — ice V — liquid (triple point). 
Ice V — liquid. 

Ice V — liquid. 

Ice V — ice VI — liquid (triple point). 
Ice VI — liquid. 

Ice VI — liquid. 

Ice VI — liquid. 

Ice VI — liquid. 


* Pp. W. Bridgman, Proc. Am. Acad. 47, pp. 441-558, 1912. 
Jz atm. = 1.033 kg/sq. cm. 


TABLE 218.— Effect of Pressure on Boiling Point. * 


Pressure. |! Metal. Pressure. Metal. Pressure. 


»2 cm He: Ag 26.3 cm Hg. 20.6 cm Hg. 
PA lyf (e500) ia ey Cu 10.0 cm Hg. 6.3 atme. 


.3 atme. Cu ace Cm td es II.7 atme. 
.7 atme. Sn 10.1 cm Hg. II.7 atme. 
.5 atme. Sn 26.2 cm Hg. 21.5 atme. 
sgicha He Pb 10.5 cm Hg. 53.0 atme. 


* Greenwood, Pr. Roy. Soc., p. 483, rgro. 
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DENSITIES AND MELTING AND BO 


TABLE 219. 


Substance. 


Aluminum chloride 

: nitrate 

“ O) 
Ammonia 
Ammonium nitrate 

. sulphate... 
phosphite. . 
Antimony trichloride. . . 

. pentachloride 
Arsenic trichloride 
Arseniuretted hydrogen 
Barium chloride 

“nitrate 

perchlorate. ... 
Bismuth trichloride. ... 


Boric acid 
“ce 


“ 


“cc 


Borax (sodium borate).. 
Cadmium chloride 

oe nitrate 
Calcium chloride 


“cc 


“c 
ce 


Carbon tetrachloride... 
“trichloride 
monoxide 
dioxide 
disulphide 
Chloric acid 
Chlorine dioxide 


Chrome alum 
as 


Cobalt sulphate 
Cupric chloride 
Cuprous chloride 
Cupric nitrate 
Hydrobromie acid 
Hydrochloric acid...... 
Hydrofluoric acid 
Hydriodic acid 
Hydrogen peroxide 
a phosphide. .. 

sulphidessn a: 
Tron chloride 

TIT ELA Cra epee he 
sulphates eee: 

Lead chloride 
| ‘* metaphosphate.. . 


Magnesium chloride... . 
“ 


igs 


“ 


“ 
a3 


sulphate... 
Manganese chloride... . 
us nitrate 
sulphate.... 
Mercurous chloride... .. 
Mercuric chloride 


“c“ 


Chemical formula. 


AICI 
AI(NOs)3 + gH,0 
1,03 
NH; 
NH,NO; 
(NH4)2SOq 
NH4H2,PO; 
SbCl; 
SbCls 
AsCl 
AsH3 
BaCly 
Ba(NOs3)e 
Ba(ClO,)2 
BiCl, 
H;BO; 
B20; 

Na», BO; 
CdCl, 
Cd(NOs;)2 + 4H2O 
CaCl, 
CaCl, + 6H,O 

Ca(NOs) 
Ca(NOs)2 + 4H2O 


2 
HCI1O, + H,O 
ClO, 
KCr(SOs)2 + 12H,0 
Cr2(NOs3)¢ + 18H.O 
Cr203 
CoSO, 
CuCl, 
CueCle 
Cu(NOs3)2 + 3H,0 
HBr 
HCl 
HFI 
HI 
HO, 
PH; 
H.S 
FeCl, 
Fe(NOs)3 + 9H,0 
FeSO, + 7H,0 


8 
Mg(NO;)2 + 6H:O 
MgSO, + 5H.O 
MnCl, + 4H:2O 
Mn(NOs)2 ae 6H,0 
MnSO, + 5H20 
HyeCle 


Density, 
about 
20°C 


nH He 


OAn~TDN RNR HW D 


Authority. 


to 
CON H 


5 | | 
H nas w 


HN 
Of H QCO 
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ILING POINTS OF INORGANIC COMPOUNDS. 


Authority. 


Ll Dulleves asad USS eyes 


H 


Leal 


Mok Oss Ga | 


H 
lwo 


iS} 


HoH 
NO AnH WOOO AND 


H 
jon 


(21) Schacherl; 
(28) Kanolt. 
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1) Friedel and Crafts; (2) Ordway; (3) Faraday; (4) Marchand; (5) Amat; (6) Olszweski; (7) Gibbs; 

(8) Pech (9) Carnelly; (10) Carnelly and O’Shea; (11) Ruff; (13) Wroblewski and Olszewski; (14) Anschiitz; 

(15) Roscoe; (16) Tilden; (17) Ladenburg; (18) Staedel; 

(22) -Tammann; (23) Thorpe; (24) 
* Decomposes. 


Ramsay; 


(19) Clarke, Const. of Nature, 
(25) Lorenz; 


(20) Bruhl; 
(27) Day; 


DO? ‘TABLE 219 (continued). 


DENSITIES AND MELTING AND BOILING POINTS OF INORGANIC COMPOUNDS. 


] 
Boiling Pres- 
point sure 
Cc mm 


| 

'Density, 

! about 
20.'C 


Substance. Chemical formula. 


sels 


Authority. 


760 
760 


Nickel carbonyl 


eenitvater: 
“ce 


“e 


760 
760 
760 
760 
760 
760 


sulphate 
Nitric acid 
“anhydride 
oxide * 
peroxide 
Nitrous anhydride 


“cc 


HH ARH RR OD A 


Phosphoric acid (ortho). 
Phosphorous acid 
Phosphorus trichloride... 
oxychloride .. 
disulphide... 
pentasulphide 
eee nee 
San ¢ 
Potassium carbonate . 
chlorate 


760 
760 
760 
760 
760 
760 


aa a aed ter 5 


cyanide 
perchlorate ... 
chloride 
nitrate 
acid phosphate 
acid sulphate. . 
Silver chloride 
“nitrate 
perchlorate 
phosphate 
metaphosphate.. . 
sulphate 
Sodium chloride 
hydroxide. . 
nitrate 


PH NH NAN 


[ony 
~ 


| 


760 
760 


e 
O 


wbbH How) 
| ers peeps 
On UH 


perchlorate. ... 
carbonate 
carbonate 
phosphate 
metaphosphate. 
pyrophosphate . 
phosphite... .. 
sulphate 
sulphate 
hyposulphite. . . 


Na,CO; + 1I0H.O 
NasHPO, + 12H,O 
NaPOs; 
NayP.O7 
(H2NaPOs;)2. +5H2O 
NaySO,4 
NaoSO, + 10oH,O 
NayS203 + 5H20 


hb NH HN 


Gen |e eee 
mn Oh AC 


oe) 0 OV 
PW OBIT HWWY 


An 
mOnbhnon ONHN 


HH Nt 


W 


Sulphuric acid 


Sulphur trioxide 
“cc 


Zinc chloride 
sf chloride 


a3 


poulphur dioxidew. 0. 


acid (pyro)... 


Tin, stannic chloride. .. 
stannous chloride. . 


re 


H.SO; 
12H2SO, a H,O 
H.SO, + HO 
H2S20; 

SO; 
SnCh 
SnCl, 
ZnCly 
ZnCl» + 3H,0 
Zn(NOs)9 + 6H.O 


ZnSO, + 7H.O 


H 
ow 


bow oH 
CMOHO 


i) 


seal eeesvcoul a ae 
= 


pov 
[ome] 
nO 


[S| 


YS NHN 


References: 
(7) Birhaus; (8) Ramsay; 


(1) Mond, Langer, Quincke; 
(9) Deville; 


(2) Ordway; 


(10) Wroblewski; 


3) Tilden; 
(11) Day, 


(4) Erdmann; (5) R. Weber; 


Sosman, White; 


(12) Ramme; 


(6) Olszewski; 
(13) Meyer; 


(14) Lemoine; (15) Carnelly; (16) Mitscherlich; (17) LeChatelier; (18) Carnelly, O’ Shea; (19) Thorpe; (20) Amat; 
(21) Mendelejeff; (22) Marignac; (23) Besson; (24) Clarke, Const. of Nature; (25) ‘Isambert; (26) Mylius: 
(27) Hevesy; (28) Retgers; (29) Griinauer; (30) Richards and others. 

* Under pressure 138 mm mercury. + Decomposes. 
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TABLE 220, 


DENSITIES, MELTING-POINTS, AND BOILING-POINTS OF SOME 
ORGANIC COMPOUNDS. 


N.B.— The data in this table refer only to normal compounds. 


203 


Substance. 


Den- 
sity. | 


Formula 


Melting- 
point 


Boiling-point. 


(a) Paraffin Series: ey lope? 


Authority, 


Methane* 
Ethanet . 
Propane . 
Butane 
Pentane . 
Hexane . 
Heptane . 
Octane 
Nonane . 
Decane . 
Undecane 
Dodecane 
Tridecane 
Tetradecane 
Pentadecane 
Hexadecane . 
Heptadecane . 
Octadecane 
Nonadecane 
Eicosane. 
Heneicosane 
Docosane 
Tricosane 
Tetracosane 
Heptacosane 
Pentriacontane 
Dicetyl . : 
Penta-tria-contane 


. | O.415 
.446 
+536 
60 


-647 
663 
701 
‘719 
733 
745 
750 
705 
771 
775 
ApH | 
775 
777 
777 
77 

778 


Cco00000T0000 


RS) Cal) eatehes 


IN Ne ae 


—184. 
—I71.4 
—195. 
—135. 
—I31. 
—94. 
—97- 
—56.6 
—si. 
—3I. 
—26. 
—I2. 
—6. 
iS. 
10. 
18. 
22. 
28. 


| Olszewski, Young. 


Ladenburg, 
Young, Hainlen. 
Butlerow, Young. 
Thorpe, Young. 
Schorlemmer. 
Thorpe, Young. 


Krafft. 


Ethylene Series: C,H 


2n 


Ethylene 
Propylene . 
Butylene. 
Amylene 
Hexylene 
Heptylene . 
Octylene . 
Nonylene 
Decylene 
Undecylene 
Dodecylene 
Tridecylene 
Tetradecylene . 
Pentadecylene . 
Hexadecylene . 
Octadecylene . 
Eicosylene . 
Cerotene 
Melene . 


—169. 
—r180. 


ae 
tt IF GO 


N 


lone! i) 
ml op 


| Bernthsen. 
| Krafft. 


| Krafft. 
| Beilstein, “ Org. Chem.” 


Wroblewski or Olszewski. 
Ladenburg, Kriigel. 
Sieben. 

Wagner or Saytzeff. 
Wreden or Znatowicz. 
Morgan or Schorlemmer. 
Moslinger. 

Beilstein, “ Org. Chem.” 


Bernthsen. 
Krafft, Mendelejeff, etc. 


Bernthsen. 


“6 


SMITHSONIAN. TABLES. 


* Liquid at —11.° C. and 180 atmos 
a7 “ce 


Othe ce 


$ Boiling-point under 15 mm. pressure. 


§ In vacuo. 


pheres’ pressure (Cailletet), 
“ “ee ee 


204 TABLE 220 (continued). 


DENSITIES, MELTING-POINTS, AND BOILINC-POINTS ce SOME 
ORCANIC COMPOUNDS. 


Chemical | remip. Specific | Melting-] Boiling- 
formula. (GEE gravity.| point. point. 


| 
(c) Acetylene Series : 


Substance. Authority. 


2u—2: 


INCRSIGUS S & a G8 CoHe Bilin : —85- | Villard. 
Avene Wg on eto nee C3H4 aa . es 5 
Ethylacetylene ae C4H6 z oF Bruylants, Kutsche- 
; roff, and others. 

48.-50. | Bruylants, Taworski. 
68.-70. | Taworski. 
= 100-101. | Beilstein, and oth- 
ers. 
0.771 133.-134. | Behal. 

= 210.-215. | Bruylants. 
810 | +9. 105.* | Krafft. 
806 : 134.* ee 
804 20. 160.* x 
802 : 184.* pe 


Propylacetylene. . . Cs5Hg 
Butylacetylene . . . CeH io 
Oenanthylidene. . . C7H4 


Gaprylidene =.) 7 1. CgHy4 
Undecylidene.. . +) Ci; Hao 
Dodecylidene = Cy2Hee 
Tetradecylidene. . .| Ci4Ho6 
Hexadecylidene. . . Cy6H30 
Octadecylidene . . .| CygHg4 


og Ok A i ig 
Saoanp!o 
ara 


(ad) Monatomic alcohols : C,,A224,0H. 


Methyl alcohol . . .| CH30H 

Bthyl-alcohol; 2) @oHisOH 
Propyl alcohol . . .| CsH;OH 
Butyl alcohol. . . .| Cs4HgOH 
Amyl alcohol. . . .| C5Hy,OH 
Hexyl alcohol . . .| CgHis0H 
Heptyl alcohol . . .| C;H1i;0H 
Octyivalcohole = y-09-) Cells,/ OL 
Nonyl alcohol . . .| CoHigOH 
Decyl alcohol . .  .) CipH21,0H 


yg) ||) me2te 
806 | 114. 5 
817 | 127. : From Zander, “ Lieb. 
823 = : Ann.” vol. 224, p.85, 
829 % and Krafft, “ Ber.” 
833 : vol. 16, Bape 
836 | | A ‘ Ke 
839 : : ae 
842 : 3 and also , Wroblew- 
8 : , ski and Olszewski, 
Dodecyl alcohol. . .|Cj2H2;0H 831 : : ** Monatshefte,”’ 
Tetradecyl alcohol . .| CygHogOH 824 " : vol. 4, p. 338. 
Hexadecyl alcohol . .| CigH330H : 818 
Octadecyl alcohol . ./ CigH370H F 813 


990 


CoO SO LOTORCES 


(e) Alcoholic ethers : 


Dimethyl ether . . .| CoHsO : Erlenmeyer, Kreich- 
baumer. 

Diethyl ether. . . .| C4Hi00 c ; : Regnault, Olszewski. 
Dipropyl ether . . .| CegHwO ; F : Zander and others. 
Di-iso-propyl ether. .| CgH 40 2 : : : G3 

Di-n-butyl ether. . .| CgHigO ' 78. . Lieben, Rossi, and 
others. 
Di-sec-butyl ether . .| CgH gO ; : er. Kessel. 

Di-iso-butyl “ 5 so) MEAS EA®) : : 22. Reboul. 

Di-iso-amyl “ . -| CyoHg20 . Z : .| Wurtz. 

Di-sec-hexyl “ . .| CyoHogO : . | Erlenmeyer and 
Wanklyn. 
Di-norm-octyl “ ee Cagltsa©) ; : : . | Moslinger. 


(f) E 


Ethyl- methyl ether. .| CsHsO ; : : Wurtz, Williamson. 
propyl Oa a) ORE Ae : Whe 64. | Chancel, Briihl. 
iso-propyl ether .| Cs5H 20 h : . Markownikow. 
norm-butyl ether | CgH 140 . -70 ; Lieben, Rossi. 
iso-butyl ether .| CeH 40 . 80. | Wurtz. 
iso-amylether .}| C7H 60 : 704 . | Williamson and 

others. 

norm-hexyl ether | CgH4s0 134.-137. | Lieben, Janeczek. 
norm-heptyl ether | CyH2o90 . . 165. | Cross. 

norm-octyl ether | Cy9H 220 . : 182.-184. | Moslinger. 


* Boiling-point under 15 mm. pressure. 
t Liquid at —11.° C, and 180 atmospheres’ pressure (Cailletet). 


SMITHSONIAN TABLES. 


DENSITIES AND MELTING AND BOILING POINTS OF 


TABLE 220 (concluded). 


(g) MISCELLANEOUS. 
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SOME ORGANIC COMPOUNDS. 


Substance 


Acetic acid ...... 
UNCETONES. mcs 
Aldehydes... ..... 
PATANING ee tise 
Beeswax......... 
IBENZOIG acid... 
IBenzolnrte. seas 


Camphorn amc 
Carbolic acid.... 
Carbon bisulphide 
“~~ tetrachlor- 
AC errant are 
Chlorbenzene.... 
Chloroform...... 
@yanogens). 2... - 
Ethyl bromide... 
“chloride... 

ee vether..%. ..... 

oom iodide......% 


Glucoses..: <b oe 
Glycerine. cnc cnt 
lodoformes. ss. 


Methyl chloride. . 
Methyl iodide. ... 
Napthalene...... 


Nitrobenzol...... 
Nitroglycerine. .. 
Olivevoil er ee 
@xalicfacid =... *: 
Paraffin wax, soft. 

“ “ hard 
Pyrogallol....... 
Spermaceti...... 
Starch src. sms 
SIP aly GANCes sre.s,8 
SLGATINe sera: 
M@allowabeetau.. 

eemiUttonier 
Martaric acid er a 


SMITHSONIAN TABLES, 


Density and 


Chemical formula. temperature. 


CH;COOH terns ° 
CH;COCH; 0.812 ° 
C,H,O 0.806 ° 
CsHsNH2 1.038 ° 
0.96 + 
C;H.O2 I. 203 4 
CoHe 0.879 20 
(CsH5)2CO T.OOOMmNESO 
0. 86-7 
CioHisO 0.99 Io 
CsH;OH 1.060 21 
CS. 1.2092 fo) 
CCk 1.582 21 
C.H;Cl III 15 
CHCl; DCT ° 
CoNe i 
C.H;Br 1.45 5 
C2H;Cl °.918 8 
C,H, oO 0.736 ° 
C.HsI 1.044 I4 
HCOOH 1.242 ° 
0.68 = 
CHO(HCOH).CH.OH] 1.56 
C3H303 1.269 ° 
CHI; 4.01 AS 
CH;Cl 0.992 —24 
CH;I 2.285 15 
CeHy: CyH, Los 2 a5 
C.5H;02.N 1202) eS 
® C3HsN309 1.60 
0.92 
C2H2O4 e 2H,O r.68 
C.sH3(OH)s; 1.46 40 
0.95 15 
CeHi00s Les 56 
CireH220n ae 588 20 
(CisH3502)3CaHs 0.92 65 
0.04 15 
0.94 15 
CiH.O6 E754 
CsHsCH3 0. 882 fore) 
CsHi(CHs)2 0.863 20 
J CsHa(CHs)2 O°. 864 20 
C.H,(CHs)2 0.861 20 


nee kee, Authority. 
TOM 118.5 | Young, ’og 
—94.6 56.1 
—120. +20.8 
—8. 183.9 
G2" 
OH 249. 
5-48 80.2 | Richards 
48. 305.9 | Holborn- 
Henning 
SOE 
176. 200 
43 182 
—I10 46.2 
—30 76.7 | Young 
—40. G2 
—65. 61.2 
—35. —21. 
—II7. 38.4 
—1I41.6 14 
—118 34.6 
<i 72 
8.6 too. 8 
aaa 70-90 
146. = 
20. 290 
IQ. = 
29 + = 
—103.6 —24.1 
—64. 42.3 
80. 218. Holborn- 
Henning 
5 2U1 
20 + 300 + 
190. = 
38-52 | 350-390 
52-56 | 390-430 
133. 293- 
45 * = 
none — 
160 — 
ik = 
27-38 = 
ROU — 
170. = 
—92. 110.31 | Richards 
—28 142 
54 140. 
15 138. 


TABLES 221-223. MELTINC-POINTS. 
TABLE 221. — Melting-point of Mixtures. 
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Melting-points, C°. 


Metals. 


Percentage of metal in second column. 


Reference. 


60% 


190 
126 
600 
795 
290 
955 
49° 
97° 
610 
97° 
575 
530 
1220 
59° 
§20 
505 
395 
54° 
1305 
720 
330 
805, 
245 
340 
975 


30% 


262 


50% 


220 
145 
760 
650 
339° 
95° 
440 
959 
580 
OxS 
580 
560 
1145 
605 
54° 
500 
430 
565 
1290 
690 
325 
760 
258 
327 
925 
1054 1049 1039 
1320 1380 1455 
5 11 26 

- go 110 
205 215 220 
1320 1335 1380 
gto 870 830 
725 680 630 
goo 880 820 
690 660 630 
55° 495 450 
60 45 22 


70% 


185 
168 
480 
775 
250 
985 
525 


4070 


240 
179 
917 
620 
370 
945 
395 
945 
540 
855 
59° 
580 
1145 
620 
555 
520 
480 
570 
{235 
645 
285 
700 
262 
313 
995 


1 Means, Landolt-Boérnstein-Roth Tabellen. II Heycock and Neville, J. Chem. Soc. 77, 1897. 

2 Friedrich-Leroux, Metal. 4, 1907. 12 Phil. Trans. 202A, 1, 1903. 

3 Gwyer, Zs. Anorg. Ch. 57, 1908. 13 _Kurnakow, Z. Anorg. Chem. 23, 439, 1900. 

4 Means, L.-B.-R. Tabellen. Q a eS 30, 86, 1902. 

5 Roberts-Austen Chem. News, 87, 2, 1903. ; Se Mire ct 30, 109, 1902. 

6 Shepherd J. ph. ch. 8, 1904. 10 Roland-Gosselin, Bul. Soc. d’ "Encour. (5) n 1896. 

7 Kapp, Diss., Konigsberg, 1gor. 17 Gautier, (5) 

8 me and Gilson, Trans. Am. Inst. Min. Eng. Nov. 18 Le baeligs *: ei URN ze (4) os 573) 
I 

9 Heyeock and Neville, Phil. Trans. 189A, 1897. 19 Reinders Z. Anorg. Chem. 25, 113, 1896. 

10 ot ““ 194A, 201, 1900. 20 Erhard and Schertel, Jahrb. Berg-u. Hiittenw. 


Sachsen. 1879, 17. 


TABLE 222. — Alloy of Lead, Tin, and Bismuth. 


Bismuth ; 


Solidification at 


Charpy, Soc. d’Encours, Paris, rgor. 


TABLE 223.— Low Melting-point Alloy. 


Per cent. 


Cadmium . 
Tin . 
Lead 
Bismuth 


Solidification at 


Drewitz, Diss. Rostock, 1902. 
All compiled from Landolt-Bérnstein-Meyerhoffer’s Physikalisch-chemische Tabellen. 
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The majority of these determinations are by G. A. Rankin. 


TABLE 224, 


TRANSFORMATION AND MELTING TEMPERATURES OF LIME- ~ALUMINA- 
SILICA COMPOUNDS AND EUTECTIC MIXTURES. 


(Part unpublished.) 
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Substance. 


% CaO Al,Oz 


‘Transformation. 


CaSiOg 
CaSiO3 
CaeSiO4 


Garson 


Cag3SiOs 


CagAloOg . 
CasAlgOi4 
CaAlyOg oy 
CagAly0O1g 
AlgSiOg . . 
CaAleSigOg ; 
CagAl2SiO7z . 
CagAlgSiOg . 


EUTECTICS., 


rab 


me NB 
Sowa 
NOW 


Melting 


a to B and reverse 


Melting 


vy to B and reverse 


B to a and reverse 
Dissociation into 
liquid 


. Dissociation into 


Caor 


Dissociation into CaO and liquid 


Melting 
Melting 
Melting 
Melting 
Melting 
Melting 
Dissociation. 


into 
CagAleSiO; and liquid 


CagSiOg and 
AOR ROD and 


. 


CusiO, ek 


EUTECTICS. 


| Crystalline Phases. 


%CaO Al,Og 


Melting 
Temp. 


Crystalline Phases. 


% CaO Al,Oy 


SiO, 


CaSi03,SiOg 
Ca,SiOz 
3CaO,2Si02 
|, Ca,SiOg 
C205 
Al,SiO5,SiO2 
AlgSi05,Al203 
CaAlgSigOg 
CaSiOg 
CaAlgSigOg 
SiOz 
CaAlgSigOg 
SiQzg,CaSiOg 
CagAlSiO7z 
CagSiO4g 
Al2,O03 
CaAlgSigOg 
CaAleSigOg 
AlSiO5,SiO2 
CagAl2SiOz 
CagAlyoO1g 
CagAleSiOz 
CaAlOg 
CayAl.SiO7z 
CaAloO4 
CagAloO18 
CaAleSigOg 
CazgAloSiO7z 
CagAlSiOz 
Ca3SigO7 
CaSiO3 
CagAleSiO7z 
CaSiO3 


l 
\ 


Ne se ™e ee rte eee ene ess ene ae eee ee eer eens 


1436° 
1455-b 
2065-+ 


1610 
1810 


CagAleSiOz 
CaAleSigOs 


CaAlgSigOg 


CagAleSiOz 
Al,03 


CaAlgO4 


CagSiO4g 
CasAlgOy4 


38. 


QUINTUPLE POINTS, 


CagSiO7z 
CagSiOg 
CagAlgSiO;z 
CagSiO4g 
CaAloO4 
CaAleSigOg 
Al203 
AlgSiOs 
CagAlyoO18 
CagAl: 25107 
Al,O3 


48.2 


48.3 


QUADRUPLE POINTS. 


3CaO.2S8iOg 
2CaO.SiOg 


55:5 aaa 


44.5 


The accuracy of the melting-points is 5 to 10 units. 


of Sc. xxxi, p. 341, 1911. 


SMITHSONIAN TABLES. 


Geophysical Laboratory. 


See also Day and Sosman, Am. J. 


TaBLE 225. 
LOWERING OF FREEZING-POINTS BY SALTS IN SOLUTION. 


In the first column is given the number of gram-molecules (anhydrous) dissolved in 1000 grams 
of water; the second contains the molecular lowering of the freezing-point ; the freezing-point 
is therefore the product of these two columns. After the chemical formula is given the molecular 


weight, then a reference number. 
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4 


@ bp 8 bo Enea ca) 
s- 3-8 3.5 1 S-5 
g. mol. _ o5 g. mol, oi g. mol. o5 _g. mol. _ as 
1000 g. H;O os 1000 g. H,O fois 1000 g. H,O 3% 1000 g. H,O fous 
2H a4 pare aH 

Pb(NO,)», 332-0: 1, 2. 0.0500 3.47° 0.4978 2.02°!|| MgCl, 95-26: 6, 14. 

0.000 362 GP 1000 3.42 8112 2.0 le 0.0100 
.001 204 5.30 .2000 Bae 115233 2.28 -0500 
.002805 By .500 3-26 || BaCl,, 208.3: 3,6, 13. su5ee 
-005570 4.97 1.000 3-14 3000 
.01737 4.69 ||| LiNO,, 69.07: 9. .6099 
5015 2.99 0.0398 BAS 

Ba(NO,)., 261.5: 1. -1671 3-35 

0.000383 5.6° .4728 2:35 g 
001259 5.28 | 1.0164 3-49 3.43 
.00268 I 5-23 |) Alo(SO4)3, 342-4: 10. 3.41 
005422 pls} 0.0131 5.6° 3.37 
.008352 5.04 .0261 4.9 3.28 

Cd(NO,),, 236.5: 3. 0543 4.5 3:25 

0.00298 5-4° .1086 4.03 3.25 
.00689 5.25 217 383 NaCl, 58.50: 3, 20, 12, 16. 
-01997 5.18 |l| CdSO,, 208.5: 1, 11. 0.00399 39° 
.0487 3 5-15 0.0007 04 BA Giese 3.67 

AgNO,, 167.0: 4, 5. i 3-05 .0221 Ba56 

0.1506 3324 2.69 104949 3.1 

OOI 2.96 | 2.42 = 
oh) ZA O 2.42 1081 3.48 
8645 2.87 | 2503 Dae 3 
ae 5 2325 3-4 

1.749 2.27 1.80 4293 3.37 

2. 1.85 | 1.76 “4 
p22 | 7 .700 3.43 

3.85 1.64 : : : 

0.0560 3.82 K,SO,, 174-4: 3,5) 6, 10, I2. os T3459: aa aos 7 Rs 6° 
1401 3.58 0.00200 40 Pee 26 
3490 3.28 00398 5-3 : a 5 

KNOs,, Io1.g: 6, 7. 4.9 +33 35° 

0.0100 355 4-7 ES 3-43 

.0200 3.5 4.60 ||) CoCly, 129.9: 9. 3-39 
.0500 3.41 4.32 0.0276 5. 339 
.100 3.31 4.07 - 1094 4. ise 3-41 
200 3.19 | 3.87 | -2309 is | LiCl, 42.48: 9, rs. 
.250 3.08 || CuSO,, 159.7: 1, 4, 11. | -4399 5: CHEE OS)= 3s 
.500 2.94 0.000286 Bae -538 5. 20459 S: 
-750 2.81 .000843 3.15 jl] CaCl, rzr.02-5, 13-26. eee 3 

1.000 2.66 .002279 3.03 : Shee 3: 

NaNO,, 85.09: 2, 6, 7. .006670 2.79 5012 3: 

0.0100 aa® .01463 2.59 ; 7939 3 
.0250 3.46 .IO5I 2.28 | 33 || BaBr., 297.3: 

0500 3-44 | 2074 1.95 3 0.100 
-2000 3-345 4043 1.84 2 2) 
500 3.24 8898 1.76 5 -200 
“S015 3-30 || MgSO,, 120.4: 1, 4, 12. | “A .500 

1.000 315 3.29 | 4 AIBr., 267.0: 

1.0030 3.03 3.10 QI 0.0078 

NH,NO,, 80.11: 6, 8. 2.72 StS) | 0559 

0.0100 3.6° 2.65 47 1971 

.0250 3.50 2.23, 34 -4355 
1 Hausrath, Ann. Phys. 9, 1902. tr Kahlenberg, J. Phys. Ch. 5, rgor. 
2 Leblanc-Noyes, Z. Phys. Ch. 6, 1890. 12 Abegg, Z. Phys. Ch. 20, 1806. 
3 Jones, Z. Phys. Ch. 11, 1893. 13 Jones-Getman, Am, Ch. J. 27, rgo2. 
4 Raoult, Z. Phys. Ch. 2, 1888. 14 Jones-Chambers, Am. Ch. J. 23, 1900, 
5 Arfhenius, Z. Phys. Ch. 2, 1888. 15 Loomis, Wied. Ann. 60, 1897. _ 
6 Loomis, Wied. Ann. 57, 1896. 16 Roozeboom, Z. Phys. Ch. 4, 1889. 
7 Jones, Am. Chem. J. 27, 1902. 17 Raoult, Z. Phys. Ch. 27, 1808. 
8 Jones-Caldwell, Am. Chem. J. 25, rgor. 18 Roloff, Z. Phys. Ch. 18, 1895. 
9 Biltz, Z. Phys. Ch. 40, r902. 19 Kistiakowsky, Z. Phys, Ch. 6, 1890. 
10 Jones-Mackay, Am. Chem. J. 19, 1897. 20 Loomis, Wied. Ann. 51, 1894. 


Compiled from Landolt-Bérnstein-Meyerhoffer’s Physikalisch-chemische Tabellen. 
SMITHSONIAN TABLES. 


TABLE 2285 (continued). 209 
LOWERING OF FREEZING-POINTS BY SALTS IN SOLUTION (continued). 


—— 


g. mol. 


1000 g. HyO 


g. mol. 


Be we g. mol 
rooo g. H,O 


1000 g, H,O 


g. mol. 


rooo g. H»O 


Molecular 
Lowering. 
Molecular 
Molecular 
Lowering 

Molecular 
Lowering 


| Lowering. 


| 
| 


CdBry,. 272.3: 3, 14. KOH, 56.16: 1, 15, 23. Na,SiOg, 122.5: 15. 0.472 
0.00352 3.60° 0.01052 b 944 
3-59 05239 86 1.620 
1045 be (COOH),, 90.02: 4, 15. 
+2099 : 0.01002 B34 
+5233 : .02005 3.19 
HCI, 36.46: -O5019 3-03 


° 


0.00324 
.007 18 
.03627 
0719 
1122 


+220 


PP ROOWEH 
aN 


lasTO HW OOK 
OADMWO FL 
AnkpRE 
NObn HWA 


.440 1-3, 6, 13, 18, 22. 1006 2.83 
.800 0.00305 : 168° .2022 2.64 
CuBr,, 223.5: 9. CH,OH, 32.03: 24, 25. .00695 3.66 .366 2.50 
0.0100 1.8° .O100 3.6 648 2.3 
0301 1.82 :01703 3-59 
.2018 1.811 .0500 3-59 me 92:00: “ieee 
1.046 1.86 1025 3-56 
: s 2 .1008 1.86 
CaBr,, 200.0: 14, 341 1.88 Saab 3-57 2031 1.85 
c ° 6.200 1.944 .3000 3.612 : , 
0.0871 : 464 3.68 e535 1.91 
1742 : | C,H;OH, 46.04 : ; 6 ’ 2.40 1.98 
3484 ¥ Te t2snl eae, “51 3-79 5.24 23 
5226 ic 0.000402 TO 7a 1.003 3-95 
.004993 1.67 1.032 4.10 ||) (CoH5).0, 74.08: 24 
MgBr,, 184.28: 14. ns Tear 1.500 ; 0.0100 1.6° 
0.0517 5.4 es : 2.000 ; .0201 1.67 
02892 1.707 
-103_ 5.16 ohG 18 2.115 } -IOII 172 
.207 5.26 ee ee 3.000 4 .2038 1.702 
517 5.85 12024 1.832 3.053 : Dextrose, 180.1: 24, 30. 
KBr, 119.1: 9, 21. F 5252 1.834 4.005 ; 0.0198 1.84° 
00305 3.61 1.0891 1.826 4.657 . 0470 1.85 
-1850 oa) 1.760 1.83. || HNO,, 63.05: 3, 13, 15. -1326 1.87 
6801 3:39 3.901 1.92 || 0.02004 see -4076 1,894 
-250 3-78 7.91 HOE f 3. 1.102 1.921 
wee 3-56 II.11 2.12 ; , Levulose, 180.1: 24, 25. 
Cdl., 366.1: 3, 5, 22. 18.76 1.81 : : 0.0201 1.87° 
0.00210 4.5° 0.0173 1.80 BRR .2050 1.871 
4.0 0778 1.79 3.45 554 2,01 
spe K,COsz, 138.30: 6 3-50 1.384 2.32 
Ef 0.0100 ia 3.62 2.77 3.04 
2.35 0200 4.93 3.80 }| CHO, 342.2: 1, 24, 26. 
OS -0500 4.71 4.17 0.000332 1.90° 
2:23 .100 4.54 4-64 .OOT 410 1.87 
2-51 .200 4.39 .0: 29. .009978 1.86 
KI, 166.0: 9, 2. Na.CO,, 106.10: 6. 2.90° .0201 1.88 
0.0651 Boon 0.0100 2.75 -1305 1.88 
2782 3.50 .0200 2-59 || H,SO,, 98.08: 
.6030 3-42 +0500 2.45 13, 20, 31-33. 
1.003 3:37 .1000 : HPO, 820: 4, 5. 0.00461 ° 
SrI,, 341.3: 22. .2000 : 0.0745 BtOn 
0.054 5-1° | Na.SOz, 126.2: 1241 2.8 
108 2 0.1044 ace .2482 2.6 .10 
.216 5.35 .3397 74 1.00 2.39 .96 
327 5.52 .7080 .38 ||| H,PO,, 98.0: 6, 22. 85 
NaOH, 40.06: 15. Na,HPO,, 142.1: 22, 20. ||| 0.0100 2.8° 98 
002002 3-45° 0.01001 fo .0200 2.68 .19 
05005 3.45 02003 84 .0500 2.49 .96 
1001 3.41 05008 ; .1000 2.30 65 
.2000 3.407 .1002 34 Ih 2000 2135 ne 
1-20 See nace 207 27 Pictet-Altschul, Z. Phys. Ch. 16, 1895. 
21 Sherrill, Z. Phys. Ch. 43, 1903. 28 Barth, Z. Phys. Ch. 9, 1892. 
22.Chambers-Frazer, Am. Ch. J. 23, 1900. 29 Petersen, Z. Phys. Ch. rr, 1893. 
23 Noyes-Whitney, Z. Phys. Ch. 15, 1894. 30 Roth, Z. Phys. Ch. 43, 1903. 
24 Loomis, Z. Phys. Ch. 32, 1900. 31 Wildermann, Z. Phys. Ch. 15, 1894. 
25 Abegg, Z. Phys. Ch. 15, 1894. 32 Jones- Carroll, Am. Ch. J. 28, 1902. 


26 Nernst-Abegg, Z. Phys. Ch. 15, 1894: 33 Jones-Murray, Am. Ch. J. 30, 1903. 
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PHC) TABLE 226, 
RISE OF BOILING-POINT PRODUCED BY SALTS DISSOLVED IN WATER.* 


This table gives the number of grams of the salt which, when dissolved in too grams of water, will raise the boil- 
ing-point by the amount stated in the headings of the different columns. ‘The pressure is supposed to be 76 


centimeters. 


Salt. ; 10° 15° 


BaClg + 2H20 . : : : : 6 gi .5 rise of temp.) 

CaCle é : ; 2 ; ; 0] 41.5) 55-5 

Ca(NOs)2+ 2H20 . i : E 4 : 0) 152.5 2400 

KOH : 5 ; : : : 34.5|. 47.0 

KCoH3O02 .« c é : k : F 0] 63-5) 98.0 
| 


(57.4 gives a rise of 8°.5) 
7O-5 i) 103-5 | 12725) 5245 


134. | 185.0 |(220 gives 18°.5) 
188.5] 338.5 


KeC4H4O¢ + 4H2O0 . a B ci 4 ys 182.0 284.0 
KNaC4H4Og . . ae ? z , j .0| 171.0] 272.5] 390.0 
KNaC4H4O¢ + 4H2O x i : ji .0 | 554-0 | 5510.0 
AE t : é : ; : 2O10}|) 1 3'5.0) A225 
LiCl+2H20 . 5 . 4 i a 4 62.0 92.0| 123.0 


MgCle+6H20 . : ; ! i d .O} 110.0} 170.0] 241.0 
MgSO4 + 7H20 
NaOH : ; : : : : 3 7 Xoo er 8 Oo) LY re) 
NaCl . : : : : : : : 5 | (40.7 gives 8°.8 rise) 
NaNOg : ; k : 2 : .0| 99.5| 156.0] 222.0 


NaC2H302 + 3H20 . ; : : : ; .I| 194.0] 480.0 | 6250.0 
NaeS203 SC«j ‘ ‘ ; : h : i .0| 104.0] 152.0} 214.5 
NagHPO, . - 5 ; ; : ; 
NagC4H4O, + 2H20. 4/44. 8. : ; .0 | (237-3 gives 8°.4 rise) 
NaeS2O03 oS 5H20 + 


NagCOz3 + 10H2O 
NagB4O7 + 1I0H2O0 
NH,Cl : 
NH4NOzs 

NH4SO4 


ae 


(5555-5 gives 
29.7| 39.6 
52:0] 74.0 
71.8| 99.1 


SrClz + 6H2O0 . 3 é : : 103.0 | 150.0 
Sr(NOs)o . . . 4. : P . 97.6 
CaHgOge ; ; ; ; : 87.0 | 123.0 
CoH,04 + 2H2O0 ; : : : 112.0 | 169.0 
CegHgO07 + H2O 3 b x : 145.0 | 208.0 


Com 


140° | 160° 180°.) 200° | 240° 


HOME 
NaOH : F ; ; 
NH4NO3 . | 682. 0 | 0 | 4099.0 
CyllgO¢ j ; 30. infinity gives 


Gacy 2 Pie alias: | 3 
. . 5 I 


I 
5 8 | 263. -5| 375-0] 444.4 | 623.0 
| 345.0 .3 | Soo. 0 | 2353-0] 6452.0| — 


* Compiled from a paper by Gerlach, “ Zeit. f. Anal. Chem.?? vol. 26. 
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TABLE 227, 211 


FREEZING MIXTURES.* 


Column 1 gives the name of the principal refrigerating substance, A the proportion of that substance, B the propor- 
tion of a second substance named in the column, C the proportion of a third substance, D the temperature of the 
substances before mixture, Z the temperature of the mixture, # the lowering of temperature, G the temperature 
when all snow is melted, when snow is used, and the amount of heat absorbed in heat units (small calories when 
A is grams). Temperatures are in Centigrade degrees. 


Substance. 


~NaCgH3O¢ (cryst.) 
INSULTS ;. , 

NaN Os . 

NagS2Ox (cryst.) 

KI. ; : 

CaCle (cryst.) 

NH4NOgs 

(NH4)2SO04 

NHC! . 

CaCle 

KNO3 . 

NagSO4 

NaN O3 . 

KeSO,q . : 

NagC Qs (cryst.) 

KNO3 

CaCle . 

IN ZCIS 

NH4NO3 

NaNO3. 

NaCl 


nN 
lel te yay aye 
IO 8m conus 
DAN OW HN 
er 
Co CO 
pes 


bo 
n 

ON ANH PW 
9O0O0OnW NUN 


bh nynw 
Uti 
NY NH NNN 


= 
(e) 


Snow 100 


“ “ 


Wink NWA 
OD OUM OW O 


N 


H,SO,+ HO 


(66. I % Hes Ox4) 


oN Seve rad SY debi elie 
DOWMNWNO 
On Ny YN COOO 


CaCle + 6H2O | 


N 
INR RR eH RH HHH 


Alcohol at 4° } 


Chloroform 
Ether . 
Liquid SO2 


H20-1.31 
| Snow “ 
H20-3.61 


Snow “ 


HHH HHH eee | 


* Compiled from the results of Cailletet and Colardeau, Hammerl, Hanamann, Moritz, Pfanndler, Rudorf, and 


Tollinger. 
+ Lowest temperature obtained. 
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TABLE 228. 


CRITICAL TEMPERATURES, PRESSURES, VOLUMES, AND DENSITIES OF 
GASES.* 


== Critical temperature. 


P = Critical pressure in atmospheres. 
¢@ = Critical volume referred to volume at 0° and 76 centimeters pressure. 
@ = Critical density in grams per cubic centimeter. 


, a 
a, b, Van der Waals constants in (» + oy (« a b) =1 + at. 


Substance. 


Observer 


Air F 
Alcohol (C2H¢0) 4 
“ (CH40) 

Ammonia 
Argon . . c 
Benzol . ‘ : 
Bromine ‘ 
Carbon dioxide. 
< monoxide. 
ss disulphide 
Chloroform F 
Chlorine 


Ether 


Ethane . 
Ethylene 
Helium . 
Hydrogen . 
i OG chloride . 
“cc “ 
sulphide . 
Krypton 3 
Methane 


Neon . : 
Nitric oxide ( (NO) : 
Nitrogen : 
ge monoxide 
(N20) 
ee : : 
Sulphur dioxide 
Water 
ee 


° 


0.007 13 


0.00605 
0.0044 


0.0090 


0.01584 
0.01344 


HH 


NW HOf-,WO OM 1 OWWNBW db H 


eal 


0.0048 


0.00587 
0.001874 


(1) Olszewski, C. R. 98, 1884; 99, 1884; 100, 
1885; Beibl. 14, 1890; Z. Phys. Ch. 16, 
1893- 

(2) Ramsay-Young, Tr. Roy. Soc. 17 

(3) Young, Phil. Mag. rgoc. 

(4) Dewar, Phil. Mag. 18, 1884; Ch. News, 84, 
1gol. 

(5) Ramsay, Travers, Phil. Trans. 16, 17, gol. 

cs Nadejdine, Beibl. 9, 1885. 

(7) Wroblewski, Wied. Ann. 
Wien. Ak. 91, 1885. 

(8) Batelli, 1890. 


7, 1886. 


20, 


1883; Stz. 


Sajotschewsky, Beibl. 3, 1879. 
Knietsch, Lieb. Ann. 259, 1890. 
Batelli, Mem. Torino (2), 41, 1890. 
Cardozo, Arch. sc. phys. 30, 1910. 
Kamerlingh-Onnes, Comno. Phys. 
Leiden, 1908, 1909, Proc. Amst. 
1908, C. R. 147, 1908. 
Olszewski, Ann. Phys. 17, 1905. 
Ansdell, Chem. News, 41, 1880. 
Holborn, Baumann Ann. Phys. 31, 1910. 
Cailletet, C. R. 102, 1886; 104, 1887. 


tab. 
Lae 


*Abridged for the most part from Landolt and Bérnstein’s “‘Phys. Chem, Tab,” 
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TABLE 229. 213 
CONDUCTIVITY FOR HEAT, METALS AND ALLOYS. 


The coefficient & is the quantity of heat in small calories which is transmitted per second through 
a plate one centimeter thick per square centimeter of its surface when the difference of tempera- 
ture between the two faces of the plate is one degree Centigrade. The coefficient k is found to 
vary with the absolute temperature of the plate, and is expressed approximately by the equation 
ke = koLt + a(t — to) ]. Ro is the conductivity at t, the lower temperature of the bracketed pairs 
in the table, k; that at temperature f, and a is acconstant. k, in g-cal. per degree C per sec. across 
cm cube = 0.239 X k; in watts per degree C per sec. across cm cube. 


Substance (Ae: ky Substance. 


Aluminum. ...|—160]o. 514 Mercury 7... 
18]o. 480 i gerne 
TOo|o. 492 ; Molybdenum 
BOO| ONS 45a Mammet eee eee UN ICKe] oer 
400/0. 760 nid a0,F 
SOOOTSSSalm Pe toe lar lll @ bok) eee 
Dae} OCO| mon PEN Scere wiotaee ie 
Antimony.... 00.0442 foe 
Yi ....| Io0ol/o.0396 ices | Me|C: O Gaveary pete 3 
Sica —186]0.025 ~ Ae 
en ae 18]o.0194 Seb noe 
TOo|o. o161 ; Palladium.. . 
181 * one 
. 260 Platinum... . 
. 204 S Re 
. 246 ° : Ve eke Ihe oe 
. 239 Pt 10% Rh. 
222 Platinoid.... 
BUS i Potassium... 
.0540 ye Ae 
.0040 Rhodium.... 
.079 Silver, pure.. 
ce fale ee ee 
908 : Sader ke 
.070 FOO2 7) Ayame OGiunas rar. 
705 Seas 
.037 . Tantalum... 
-I4I “ 
161 = 
sie a ats 
mS 2 Dini, tte 
-144 A Socio hee 
. -143 : 5 DULG a. 
steel, 1% . 108 
Fe ee Sher = .107 ? Tungsten.... 
092 
.083 Tungsten.... 
O81 Be Ty, 


3 ee ay 


Cadmium, pure 
“ ing 


“ 


Constantan... 
(60 Cu+4o Ni) 
Copper,* pure. 


“cc ““ 


German silver. 


Iron,j pure... 
“cc “cc 


0-0 O8050"O OO Our 10" 0 O 07010 0 1 OO ORONORCTO 


Tron, wrought. 
“cc “ee 


“ce 


OOOTCDDODOHDDDODDDODDD00000000000 


© 


.249 \ 


$272 
- 204 
- 313 


310 
.278 

. 2653 | 
2619 J 


oe 


Magnesium... 53710 fi 

Manganin.... .035 1 || Wood’s alloy 

“ (84 CU+4 .O519 Zinc, pure... 
Ni 12 Mn) 0030 : 


OFOMEOPOROSOTOTO 


References: (1) Lees, Phil. Trans. 1908; (2) Jaeger and Diesselhorst, Wiss. Abh. 
Phys. Tech. Reich. 3, 1900; (3) Angell, Phys. Rev. 1911; (4) Lorenz; (5) Macchia, 
1907; (6) Barratt, Pr. Phys. Soc. 1914; (7) H. F. Weber, 1879; (8) Hornbeck, Phys. 
Rev. 1913; (9) Worthing, Phvs. Rev. 1914; (to) Worthing, Phys. Rev. 1917. 


* Copper: 100-197° C, ky = 1.043; 100-268°, 0.969; 100-370°, 0.931; 100-541°, 0.902 (Her- 
ing; for reference see next page). 

+ Iron: 100-727° C, kt = 0.202; 100-912°, 0.184; 100-1245°, 0.191 (Hering). 
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214 TABLES 230-231. 
CONDUCTIVITY FOR HEAT. 
TABLE 230.— Thermal Conductivity at High Temperatures. 


‘(See also Table 229 for metals; & in gram-calories per degree centigrade per second across a centimeter cube.) 


Tempera- 
Material. ture, 


Tempera- 
Matericl. ture, 
2G 


Reference. 
Reference. 


Amorphous carbon... 37-163 .028—. 003 
170-330 .027-.004 
240-523 
283-597 
100-360 
100-751 
100-842 
Graphite (artificial)... ] 100-390 
100-546 
100-720 
100-914 5 
30-2830 ie doy) 
2800-3200 002 
go-II0 -55--45 
180-120 -44-.34 
500-700 3ole. 22 


Brick: onli 6 I50-1200 | . .027 
Building ee 
Terra-cotta \ parece 0038 
Fire-clay....] 125-1220 |] . 0054 
Gas-retort...] Ioo-1125 
Graphite. ... 
Magnesia.... : 0072 
0033 
Granite : 2 - 0050 
0097 
.0040 
-0046—.0057 
- 0039—. 0049 
-0032—.0035 
Porcelain (Sévres) . . 5 . 0039—. 0047 
Stoneware mixtures. 70-1000 - 0029Q—. 0053 


HHHHHNNHHNKHHNKKHHHHH 


OWHEHP AHH APWHWKWW WwW W 


References: (z) Hansen, Tr. Am. Electrochem. Soc. 16, 329, 1909; (2) Hering, Tr. Am. Inst. Elect. 
Eng. 1910; (3) Bul. Soc. Encouragement, 111, 879, 1909; Electroch. and Met. Ind. 7, 383, 433, 1900; (4) 
Poole, Phil. Mag. 24, 45, 1912; see also Clement, Egy, Eng. Exp. Univers. Ill. Bull. 36, 1909; Dewey, Pro- 
gressive Age, 27, 772, 1909; Woolson, Eng. News, 58, 166, 1907, heat transmission by concretes; Richards, 
Met. and Chem. Eng. 31, 575, 1913. The ranges in values under t do not depend on variability in ma- 
terial but on possible errors in method; reduced from values expressed in other units. 


TABLE 231.— Thermal Conductivity of Various Substances. 


Substance, temperature. 


Aniline BP 183° C., -QOOII2 Naphthaline MP 79° C., —160.... 
Carbon, gas .O10 - Naphthaline MP 70° C., 0......... 
Carbon, graphite .O12 Naphthol — 8, MP 122° C., —160.. 
Carborundum .00050 Naphthol, o 
- 00081 Nitrophenol, MP 114° C., 
.0022 Nitrophenol, o 
Diatomic earth . 00013 Parafhn MP 54° C., 
Earth’s crust +004 Parafiin, o 
Fire-brick .00028 Porcelain 
Fluorite, —190 -093 Quartz _| to axis, —190 
Fluorite, o +025 en le 
Glass: window .0025 , 100 

crown, 03572, -oorr8 Quartz || to axis, o 

crown, 03572, © .00280 Rock salt, o. 

crown, 03572, 100 -00324 Rock salt, 30 

h’vy flint o165, . 00081 Rubber, vulcanized, —16o0 

h’vy flint o165, 0 .O0170 Rubber, o 

h’vy flint o165, 100 -OOr8t Rubbers paratiacee metas eee 
Glycerine, —160....50..6.050+005) 100077 Sand, white, dry 
.0053 Sandstone, dry 
.0006 Sawdust 
.0050 Slate _L to cleavage 
Tcelandsspar,,—000., ean selmi) Oso Slate|l|ptoiclervage:.j.ceseues. seaen 
Iceland spar, o -O103 Snow, fresh, dens. = 0.1%.......:.. 
Lime . 00029 Snow, old 
Limestones, calcite | .0047 to Soil, average, sl’t moist............ 
Marbles, dolomite { .0056 Soil, very dry 
Mica .0o18 Sulphur, rhombic, o 
Flagstone _|_ to cleavage..........| .0063 Vaseline, 20 
Micaceous || to cleavage..........] .0044 Vulcanite 


“ 


AD] ADPRUNHHAHUUUUUAN [uUUp [PW Iw I 
INNIADDI AA VnHMUMMMNNUHN | HHHHHHA A 


Oo om | 


References: (1) Lees, Tr. R. 5. 1905; (2) Lorenz; (3) Norton; (4) Hutton, Blard; (5) Eucken, Ann. 
| ost torr; (6) Herschel, Lebour, Dunn, B. A. Committee, 1879; (7) Jansson, 1904; (8) Melmer, tort; 
9) Stefan. 


SMITHSONIAN TABLES. 


TABLE 232. 215 
THERMAL CONDUCTIVITIES OF BUILDING MATERIALS. 


Conductivity in g-cal. flowing in 1 sec. through plate 1 cm thick per cm? for 1° C difference 
of temperature. 


Material. coe ene ; Remarks. 


Horizontal layer, heated from above. 
(Calororermin nn coker : ‘ Fluffy, finely divided mineral matter. 
Hair felt : 
Keystone hair ; ; Felt between layers of bldg. paper. 
Pure wool : , F irmly packed. 


. 000090 : Loosely packed. 

. OOOTOI , Very loosely packed. 

.QOOI0 Firmly packed. 
Insulite .Q00TO2 ; Pressed wood-pulp— rigid, fairly strong. 
Linofelt .000I03 | o. Vegetable fibers between layers of paper — 
soft and flexible. 


Corkboard (pure) . 000106 

Eel grass .OOOIT 

Flaxlinum . OOOIT3 
. 000113 
.OOO1IQ 
.O0012 
.OOOT4 


Inclosed in burlap. 
Vegetable fibers — firm and flexible. 


Rock wool pressed with binder, rigid. 

Very light and soft. 

Rock wool, vegetable fiber and binder, not 
flexible. 

Pulp board 00015 Stiff pasteboard. 

Air cell § in. thick . 000154 Corr. asbestos paper with air space. 

Air cell r in. thick 000165 a - : as meet 

Asbestos paper .QOO17 

Infusorial earth, block ..} 0.00020 

Fire-felt, sheet . 000205 

Fire-felt, roll . 00022 

Three-ply regal roofing..| 0.00024 

Asbestos mill board... .} 0.00029 

Woods, kiln dried: 
Cypress 00023 
White pine .00027 
Mahogany .0003I 
Virginia pine . 00033 

.00035 

Hard maple .00038 

Asbestos wood, sanded. .| 0.00093 


0999900 


Fairly firm, but easily broken. 


Asbestos sheet coated with cement, rigid. 
Soft, flexible asbestos. 

Flexible tar roofing. 

Pressed asbestos, firm, easily broken. 


99900000 


SOLO Oe 


Asbestos and cement, very hard, rigid. 


I very 


Dickinson and van Dusen, Am. Soc. Refrigerating Eng. J. 3, Sept. 1916. 
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216 TABLES 233-234. 


CONDUCTIVITY FOR HEAT. 
TABLE 233, — Various Substances. 


kt is the heat in gram-calories flowing in I sec. hao a plate 1 cm. thick per sq. cm. for 1°C 
crops in temperature. 


Substance. Density. 3 k, Substance, © k, Authority. 


Asbestos fiber ... . « « 5 .00019 “Asbestos paper . . |0.00043 ees Chor 
: .00016 Blotting paper. . . | .00015 oon 
SEIT SLES ,00017 Portland cement . . | .oo071 2 
Cottonh s,s. 4 d -OOOLIE Corky toc) a. || .c0072 Forbes. 

Se So Pet Ce feet a .00007 I Chalke. “G55 39 js. 3) |) -6020 } Hi, Les 
Eiderdown . 3 ; ; 00015 Ebonite, t, 49°. . . | .c0037 |J see p. 205. 
es Te 4 oe eee . .000046 ee, cee Ch ree coe ll ets? Various 

.0000 Tcerae- . | -0057 Neumann. 
Pampblack, Cabot number 5 ae Leather, cow- rhea . | .00042 
Quartz; mesh 200°=. .) - : 00024 chamois. . | .o0015 Lees-Chorl- 
.000091 i A Gee ow | Boer ton. 
.000 160 511 3 .000095 
Wiooldtiberss<) 90 4.0 6.) 4 .0001 18 Caen stone, limestone .0043 elie 10) 
“ 6 .000085 Free stone, sandstone | .oo21 a 
-000054 


Poplox, popped Na,SiO, . 


ce “ 


Left-hand half of table from Randolph, Tr. Am. Electroch. Soc. XXI., p. 550, 1912; k, (Randolph’s values) 


is mean conductivity between given temperature and about 10°C. Note effect of compression (density). The 
following are from Barratt Proc. Phys. Soc., London, 27, 81, 1914. 


s k, k, 
Substance. Ly eS Substance. Density. 


at 20°C. | at 100°C. at 20°, |'at 16e0° C3} 


Brick, fire. . 1.73 00110 .00T09 Boxwood. . . 0.90 .00036 -0004T 
Carbon, gas . . 1.42 +0085 -0095 Greenheart . . 1.08 .OO112 -OO1 10 
Bbomiteson .. 1.19 .O0014 .00013 Lignumvite .. 1.16 .00060 .00072 
Hiber red)... 1.20) -OOLI2 ,OOT19 Mahogany .° . 0.55 -00051 -00060 
Glass,soda . . 2.59 .00172 -00182 Oakzr : 6c 0.65 -00058 -00061 
Silica, fused... . 2:17, 00237 .00255 Whitewood hte 0.58 .00041 -00045 


The following values are from unpublished data furnished by C. E. Skinner of the Westinghouse Co., Pitts- 
burgh, Penn. They give the mean conductivity in gram-calories per sec. per cm. cube per °C. when the mean 


temperature of the cube is that stated in the table. Resistance in thermal ohms (watts/inch2/inch/°C.) = == 
Io. 


conductivity. 


Conductivity. 


Substance. 


100° C. By 300° C. 


Air-cellasbestos. . ... . : 0.00034 f 0.00050 
Cork groundacmea te =) Sine ,O0OT5, : —= 
Diatomit . oo 6 132 -00028 0003 -0003 7 0.00042 
Iniusorial earth, natural . : .00034 000° -00040 — 

ss “hd pressed blocks 32 .00030 ‘ .00033 .00036 * 
Magnesium carbonate. . . .00023 5 5 .0002 5 _ 
Vitribestos. . . . ; : .00049 E -00079 .00090 


TABLE 234,-— Water and Salt Solutions. 


Solution 


Substance. : k, Authority. aren 


° 
OQ 


Density. Authority. 


0.00150 Goldschmidt, ’rr. CuSO, 160 
-00147 KCl +026 
.00136 : NaCl 178 
00143 Milner, Chattock, ’98 2 

H2SO4 


o.ootr8 H. F. Weber. 
.00116 Graetz. 
-OO1I5 
eae H. F. Weber. 
+0026 
:00130 


-oor1r8 Heke Wieben 


-OOIIS 


oS 


i Lees, ’98. 


nop 


Chree. 


RYN 


PER ODRGS 


ZnSO, 


nn 
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TABLES 235-237. 21 7 
TABLE 235.— Thermal Conductivity of Organic Liquids. 


Substance. Substance. Substance. 


Acetic acid Q-I5].03472 Carbon disulphide. 03387 

Alcohols: 0352 Chloroform 03288 

* -0346 Eth 03303 
03345 Glycerine 0308 

03434 Oils: petroleum... 03355 

03333 ““ turpentine. .| 13 |.03325 


WrNoDR | Refer. | 


—— 


References: (1) H. F. Weber; (2) Lees; (3) Goldschmidt; (4) Wachsmuth; (5) Graetz. 


TABLE 236. — Thermal Conductivity of Gases. 


= 


The conductivity of gases, kt = }(oy — 5)uCv, where y is the ratio of the specific heats, Cp/C», and p is 
the viscosity coefficient (Jeans, Dynamical Theory of Gases, 1916). Theoretically kt should be independent - 
of the density and has been found to beso by Kundt and Warburg and others within a wide range of pressure 
below one atm. It increases with the temperature. 


Gas. eC ke Ref. || Gas. oe kt : kt 


re 
Fo 


oooor80 
0000566 
0000719 
0000142 
0000388 
. 0000509 
.0000542 
. 0000219 
. 0000332 


Air... .|—191 
« 5 

100 

Ar —183 
6 = 
I00 

[ee) ° 
COz —78 
os fe) 


0000496 
0000395 
o00T 46 
000344 
000398 
000133 
000416 
000499 
00007 20 


o000185 
0000183 
0000568 
0000718 
0000172 
0000570 
0000743 
000046 
00003 53 


« 


Oz 
“e 
73 


NO 
N2O 


“ 


000000000 
HHHH HHH 
900000000 
BHRBHHPHDH 
9000000000 
BP HHHHHHOW 


References: (1) Eucken, Phys. Z. 12, r911; (2) Winkelmann, 1875; (3) Schwarze, 1903; (4) Weber, 1017. 


TABLE 237. — Diffusivities. 


The diffusivity of a substance = 4? = k/cp, where k is the conductivity for heat, c the specific heat and p the density 
(Kelvin). The values are mostly for room temperatures, about 18° C. 


Material. Diffusivity. Material. Diffusivity. 


.826 BU seg rater sschtyas ovate Us ntadsts. he obs uspereastenexaierese 
.139 Concrete=(cinder)aa- ei cen hn 
.0678 Concretes\(Stone)). ae cite ae ere nvea ices 
Brass (yellow) -339 Concreten(lightislag)innan ss sie een 
Cadmi .407 Gork (wrownd) eo 5 eG fs cake nen 
PISS rll eDOMILG ee ce cies ey teatswteceaerctet onsverascce ces 
.182 Glass: (ordimary aoe: God nus. cus Oa eae 
Tron (wrought, also mild steel) pr7S Granite vere arcc acters cieiciaeateere ona emnees 
Tron (cast, also 1% carbon steel) Boe Neyer ater Sao b Lien opine eRO Oe ae 
Lead a ayes ul DaniestOme anaes: cites cis eise 2 = crn autva are tals 
Magnesium. Roose Alpe Miarbles (white) Men. tte cca env sree 
Mercury.... -0327 Parawanaiees sacar a sh cee a eeeoa ne 
.152 Rock material (earth aver.)........... 
.240 Rock material (crustal rocks).......... 
.243 Sandstone ateire a caleinw vivo tincome ee ake 
737 Snow (iresti weve iece nee oceans more 
. 407 Soil (clay or sand, slightly damp)..... . 
. 402 Soil (veryidry) a .onsc cscs mies 
Air -179 - Su nedonea cod, aor epsoopJonope 
Asbestos (loose) .0035 Wood (pine, GLOSS) GEA) Prerereretelst erro 
Brick (average fire) .0074 Wood (pine with grain)............... 
Brick (average building) .0050 


Taken from An Introduction to the Mathematical Theory of Heat Conduction, Ingersoll and Zobel, 1913. 
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218 TABLE 238. s 
LINEAR EXPANSION OF THE ELEMENTS. 


In the heading of the columns ¢ is the temperature or range of temperature; C C is the coefficient of linear expansion; 
Ax is the authority forC; M is the mean coefficient of expansion between 0° and 100° C; a and @ are the coefficients 
in the ee lt = b(t + at + B22), where hp is the length at o° C and /¢ the length at 4° C; Az is the authority for 
a, B, an 3 


Substance. 


600 
—Ig1 to +16 


2000 


H 


H 


-16 
-14 
.09 


Steel annealed. 


Lea 
Lead (cast) 
Magnesium 


Leal 
ce} 
Hloowell|Alloaual la] | 


4 
ano 


Hw 


Phosphorus 
Platinum 


H 
OAHHHHHEBRHHHHHHHOHHB HAHN HHH B HH OHUHR HHH AHA 


iaalet a 


ISQSI1L1TVISITII1 


I 
° 
8 
ein 
0 
w 


40 
—r191 to +16 
o to 90 
40 
40 
40 
40 
40 
—170 


Idol S11 lool | 


H 


Sulphur: Cryst. mean.. 
Tellurium 


eal 
Nb 


0009998999000900H000090009000990009000000 
mae 


nw 

g9 
leealliltl 
Ievou! 


References: (x) Fizeau; (2) Calvert, Johnson and Lowe; (3) Chatelier; (4) Henning; (5) Dittenberger; 
(6) ER (7) Andrews; (8) Holborn- -Day; (9) Benoit; (10) Pisati and De Franchis; (11) Hagen; (12) 
Spring; (13) Day say Sosman; (14) Griffiths; (15) Dorsey; (16) Griineisen. 

Tungsten: (L — Lo)/Lo = 4.44 X 10-*(T — 300) ae 45 X 10 1(T — 300)? 7. 2.20 X pes — 300)%. Ly = length 
at 300° K. Coefficient at 300° K = 4.44 X 1078; 1300° K, 5.19 X 1078; 2300° K, 7.26 X 10-®. Worthing, Phys. Rev. 
Ior7. 

Molybdenum: Li = Lott +5. rst X 10-8 + 0.005702 X 107), for 19° to —142°C; = Lo(r + 5.01% X 10-6 + 
©.00138/2 X 10°), for 19° to + 305° C; Schad and Hidnert, Phys. Rev: 1919. 

The Holborn-Day and Sosman data’are for temperatures from 20° to 1000° C. The Dittenberger, 0° to 600° C. 
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TABLE 239. 219 
LINEAR EXPANSION OF MISCELLANEOUS SUBSTANCES. 


The coefficient of cubical expansion may be taken as three times the linear coefficient. ¢ is the temperature or range 
_ of temperature, C the coefficient of expansion, and A. the authority. 


Substance. ‘ Substance. 


Platinum -silver: 
© Bt 2Ag i pet O-100 
Porcelain 20-700 
71.5 Cu+ 27.7 Zn + ys 1000-1400 
0.3Sn+0.5Pb... & 
71 Cu+ 29 Zn 4 o-80 
Bronze: —190 to + 16 
3Cu+i1Sn ‘ Perpend. to axis... o-80 
Quartz glass —190 to + 16 
as Oe ooean 16 to 500 
16-1000 
49 
° 
—160 
Speculum metal. ... o-I00 
Topaz: 
Parallel to lesser 
horizontal axis. . . 
Parallel to greater 
horizontal axis... 
Parallel to vertical 


200 


0999009000 


66 66 a bE “ “ 


co 46 bk ee 


° 
Um 


Tourmaline: 
Parallel to longi- 
tudinal axis 


Fluor spar: CaF2.... 
German silver 
Gold-platinum: 
WANS ae a le ASasGcr 

Gold-copper: Type metal 
Vulcanite 
Wedgwood ware... 
Wood: 

Parallel to fiber: 

Ash 


00000 
cocoa | zi AD w 


@ 


©) 


Chestnuts... os 
Elm. 


o 90900000 


Jena ther-| 16™! Mahogany 
mometer | normal 
2 59 


4“ “ 


Gutta percha... er 


0000090000 


191 to+ 16 
20 


OHOO 


220) £0 ii 


Iceland spar: 
Parallel to axis o-80 
Perpendicular to axis ee 
Lead-tin (solder) 
2Pb-e 1 Sn...--.-. O-100 
12-39 


90 


15-100 
o-16 
16-38 
38-49 


Abwwoo000000 


fHHOOOO 


Platinum-iridium 
toPt+11Ir 40 


9° 


References: 


meaton. (8) Pfaff. (15) Mean. 

Smeaton (9) Deluc. (16) Stadthagen. ) Glatzel. 
Fizeau. (10) Lavoisier and Laplace. (17) Fréhlich. h 
Matthiessen. (xr) Pulfrich. (18) Rodwell. ) Kopp. 
Daniell. (12) Schott. (z9) Braun. ) Randall. 
Benoit. (73) Henning. (20) Deville and Troost. ) Dorsey. 
Kohlrausch. (14) Russner. (21) Scheel. 
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220 TABLE 240. . 
CUBICAL EXPANSION OF SOLIDS. 


If vg and v are the volumes at ¢ and 4 respectively, then vz = 2% (1 + CAZ), C being the 
coefficient of cubical expansion and A¢the temperature interval. Where only a single temperature 
is stated C represents the true coefficient of cubical expansion at that temperature.* 


Substance. ¢t or At Authority. 


AMMEN, 6 6 5 6 x 0-100 : Matthiessen 
Berry lycmecr ce spears e 0-100 ; Pfaff 
MAUI 5 5 6 oon 0-100 E Matthiessen 
Goppermmee ilpitene 0-100 
Diamondyyy esis 40 
imerald amen Gener. me 40 
GANBIEW ee, Vox dau” e 0-100 
Glass,common tube. , 0-100 é Regnault 

S hardy es. eee 0-100 cs 
us Jena, borosilicate 

FOINOL & a ¢ 20-100 : Scheel 

s ULE SICa lar aeEe 0-80 0.012 Chappuis 

Golda ae ra srt oh 0-100 h Matthiessen 

WO 6 Maa “beet (6 A —20-—I 3 Brunner 

LT ON ese cee cept vs Ke O-100 : Dulong and Petit 
eacl nme wate nt aacctets 0-100 : Matthiessen 

iPeNgveidl @. 5. co 5 WI AG 20 ; Russner 

Dieiebwrey oo 6 6 6 |e 0-100 b Dulong and Petit 
Porcelain, Berlin. o). 20 f Chappuis and Harker 
Potassium chloride . . 0- 1007 .0¢ , Playfair and Joule 

TUE KAce mer 0-100 * = se 
a sulphate. . 20 : Tutton 

OPE 6 69% DE oc 0-100 382 Pfaff 

IRON GENE 5 5 oo doo 50-60 : Pulfrich 

VU DET Meee ENE 20 i Russner 
SiIVERi ee Ss yeas) aves 0-100 ! Matthiessen 
Sabie 69S" 6) a fs 20 i E. Hazen 
Stearic acidinme. en) 33.8-45.5 : Kopp 
Sulphur, native . . . 13.2-50.3 . : “ 
ART «| A) acs net aba orks O-100 ; Matthiessen 
GINS 5 9 6 . 0-100 ; «“ 


* For tables of cubical expansion complete to 1876, see Clark’s Constants of Nature, Smithsonian Collections, 289. 
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TABLE 241, GHP 
CUBICAL EXPANSION OF LIQUIDS. 


Lf 7401s the volume at o° then at ¢° the expansion formula is Vi = V% (1 + af + Bl + 2°). 
The table gives values of a, 8 and y and of C, the true coefficient of cubical expansion, at 20° 


ee liquids and solutions. Af is the temperature range of the observation and 4 the 
authority. 


Liquid. Az a 10% B 108 y 108 So A 
| Acetic acid 16-107 1.0630 0.12636 1.0876 1.071 3 
| Acetone 0-54 1.3240 3.8090 —0.87983 1.487 3 
| Alcohol: 
Amyl —15-80 0.9001 0.657 1.18458 0.902 4a 
Ethyl, 30% by vol. . . 18-39 ocean Berke —11.87 : ei 6 
eto, & ite 0-39 0.7450 1.85 0.730 - 6 
POO 3% 1 aks 27-46 1.012 2.20 - 1.12 6 
“« 500 atmo. press. . 0-40 0.866 - - = I 
or 3000 = ie. o-40 0.524 - - - 1 a 
Wiiguligal “gs oe o-O61 1.1342 1.3035 0.8741 °| 1.199 Sa 
| Baw co 5 Ss oO 11-81 1.17626 1.27776 0.80648 1237, 5a 
| LBVRBYTTMINS 5 ne Bi G5 ac 0-59 | 1.06218 1.87714 | —0.30854 1.132 2 
| Calcium chloride : | 
| 5.0% solution . . . 18-25 0.07878 4.2742 - 0.250 F) 
| 40.9% eo ara 17-24. 0.42383 0.8571 - 0.458 7 
| Carbon disulphide . . .} —34-60 1.13980 1.37065 1.91225 1.218 4a 
| 500 atmos. pressure. 0-50 0.940 - - - I 
We 30007 1S sf : 0-50 | 0.581 - ~ - I 
| Carbon tetrachloride . . 0-76 1.18384 0.89881 Ts5igs 1.236 4b 
PCNIOTOLOTMs cy thn = 0-63 1.10715 4.66473 | —1.74328 1.273 4b 
MERE 0. ts = 8s | —15=38 1.51324 2.35918 4.00512 1.650 4a 
GLYCETING =i. ss - - 0.4853 0.4895 - 0.505 8 
| Hydrochloric acid: 
en 33-2/2 sClution | 0-33 0.4460 O25 - 0.455 9 
ieViercunyae 6 ou ss) os o-100 ; 0.18182 0.0078 - 0.18186 | 13 
BOhgeroiule i al - 0.6821 1.1405 —0.539 0.721 10 
eentaneis 20 900. 54) 0-33 1.4646 3.09319 1.6084 1.608 14 
| Potassium chloride: 
| erkets Sole os GO oO 16-25 0.2695 2.080 - 0.353 7 
| isewell oo ole «= 6 oO € 30-157 0.8340 0.10732 0.4446 1.090 II 
| Petroleum: 
i) Density 0.8467" . 3. . | 24-120! =|) 0:80904 1.396 - 0.955 12 
Sodium chloride : 
|) )20:6% solution. . .” . 0-29 0.3640 1237 - 0.414 9 
| Sodium sulphate : 
len24%, solutionie ts.) '. || 11-40 0.3599 1.258 - 0.410 9 
| Sulphuric acid : 
LOO SOlUtIOM . = = 0-30 0.2835 2.580 - 0.387 9 
| SOON; a5 a ae ate 0-30 0.5758 | —0.432 - 0.558 9 
}burpentine.) . . . .| =-9-106 0.9003 1.9595 | —0.44998 0.973 5b 
WEIR 8 Gg ee caeng 0-33 |—0.06427 8.5053 | —6.7900 0.207 13 
DI hia. sm nt A. ee Lea ae tak eee 
AUTHORITIES, 
1, Amagat: © Ri 105, p. 11205) 1837. g. Marignac: Lieb. Ann., Supp. VIII, p. 335; 
| 2. Thorpe: Proc. Roy. Soc. 24, p. 283; 1876. 1872. 
3. Zander: Lieb. Ann. 225, p. 109; 1884. Io. Spring: Bull. Brux. (3) 3, p. 331; 1882. 
| 4. Pierre: a. Lieb. Ann. 56, p. 139; 1845. 11. Pinette: Lieb, Ann. 243, p. 32; 1888. 
| b. Lieb. Ann. 80, p. 125; 1851. 12, Frankenheim: Pogg. Ann. 72, p. 422; 
| 5. Kopp: a. Lieb. Ann. 94, p. 257; 1855- 1847. ; 
b. Lieb. Ann. 93, p. 129; 1855. 13. Scheel: Wiss. Abh. Reichsanstalt, 4, p. 1; 
| 6. Recknagel: Sitzber. bayr. Ak. p. 327, 2 1903. 
Abt.; 1866. 14. Thorpe and Jones: J. Chem. Soc. 63, 
| 7. Drecker: Wied. Ann. 34, p. 952; 1888. Pp. 273; 1893. ~ 
8. Emo: Ber. Chem. Ges. 16, 1857; 1883. 
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2D2 ; TABLE 242. 
COEFFICIENTS OF THERMAL EXPANSION. 


Coefficients of Expansion of Gases. 


Pressures are given in centimeters of mercury. 


Coefficient at Constant Volume. Coefficient at Constant Pressure. 
Coeffi- g Coeffi- g 
Substance. Exeeurs i ae 5 Substance. sacs ee a 
100 w 100. Z 
Air 6 37666] 1 || Air ; ; : 76. .3671 3 
““ Tie) a2 “ 6c $ m ASG} 2602 As 
>: 10.0 = 30030ils we alll O- TOO 2a: : soon fee | 
. 25.4 .36580| “ || Hydrogen 0%-100°| 100.0 .36600} “ 
pooner aaa ie .36660|] “ ec 7 =| 200 Atma 12332 9 
0°-100 100. I 30744 | 2 ie : tl 4OOmmnes 295 * 
ee 76.0 .36650| 3 aes : 2) || MOOOw ss 261 S 
200.0 "30003)] a oy ae : 2 | 800) |< .242 $e 
: 2000. 38866 | “ Carbon dioxide . 76. 3710 3 
ig A : 10000. .4100 ce € <0 20) 51.8 Bey wio% |) 
Argon... SL7, .3668 4 6 “© 0°-40° 51.8 370001) es 
Carbon dioxid 76.0 30856] 3 es “ 0°-100° 51.8 37073 
. é 1.8 dHxeyi5e || 1 us © 0°-20° 99.8 237 OO2NINEaE 
e 5:6 oo S sc «© Q°=100° 99.8 Reypngey,| 
a“ Z 5 ¥ ¢ 2 “ “c “cc e=3 °o E .2 72 “ 
b * 0°=20° hes rane 2 ss es ontop ee eke 2 
“ce 6c o0°-40° io i 2 “ce 6 “cr ox) 7 ° > 
s “ 0°-100° ae a Ss ss s noe: sea re : 
ss “© 9°-20° 99.8 -37335 | “ || Carbon monoxide . 76. -3669 3 
s © 9°-100° 99.8 37262 | “ |l| Nitrous oxide : 76. 3719 < 
ye “ 0°-100° 100.0 37248 | 5 || Sulphur dioxide . 7 Os ©3903 < 
Carbon monoxide . 76. 36667 | 3 ss se : 098. 3080 a 
Helium . : : 56.7 .3065 4 0°-119° 76. 4187 10 
Hydrogen 16°-132° .0077 | .3328 6 o°-141° 6 18 is 
“ OF nin0 5 2 ry; Water- ° 79- 4109 
D5 e132 02 +3623 0°=162° 76. 4071 s 
ey 42°-1862 470 wl .a6s0. | oS vapor | o®=200° 76. | "3038 x 
“ ae 36548 ‘ oa ik: | 3799 ; 
Pe tae Chee, eee), 
; 0°-100 100.0 .3062 2 cihOMmeonehacrercen ance ace ” 
be ‘ given, Encyc. Brit. “ Heat, 
Nitrogen re es 06 oe 6 the following for the calculation of the ex- 
e eee 4k Re 5 pansion, E, between o° and 100° C. Expansion 
ia eee i : a is to be taken as the change of volume under 
Oe NOOR -36744 constant pressure: 
Goes, en ee oe 76. .36682 : 
Oxygen 11°-132° . .007 4161 é Hydrogen, 2 = .3662(1 — 00049)” /z), 
“ oun 50 = Sr te Air, £ = .3662(1 — .0026 V/v) 
Tea oe 25 394 Oxy iy), 
“ 119-132° ; “ xygen, £ = .3662(1 —.0032 V/z), 
i Nitrogen, Z = .3662(1 —.0031 V/v), 
- COzg £ = .3662(1 — .0164 V/z). 
pit cin eles V/v is the ratio of the actual density of the 
Sulph'r dioxide S65. Se at o° C to what it would have at oe C and 
iS 5 2 1 Atm. pressure. 


1 Meleander, Wied. Beibl. 14, 1890; Wied. 5 Chappuis, Arch. sc. phys. (3), 18, 1892 
Ann. 47, 1892. 6 Baly-Ramsay, Phil. Mag. (5) 38, 1894. 
2 Chappuis, Trav. Mem. Bur. Intern. Wts. 7 Andrews, Proc. Roy. Soc. 24 1876 
Meas. 13, 1903. _ 8 Meleander, Acta Soc. Fenn. 19 1891 
3 Regnault, Ann. chim. phys. (3)5, 1842. 9 Amagat, C. R. 111, 1890. i 


4«Keunen-Randall, Proc. R. Soc. 59, 1896. 10 Hirn, Theorie méc. chaleur, 1862. 
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Element. 


ce 


Arsenic, gray..... 


Arsenic, black 


Bromine, solid. . . 


“ 


“ 


Acheson 
Carbon, diamond... 
“ “ 


““ 


Cerium 


Chlorine, liquid... . 


Chromium 
“ 


TABLE 243. 


SPECIFIC HEAT OF THE CHEMICAL ELEMENTS. 


Range * of 
temperature, 
eG 


—240.6 
—190.0 
eso) 
—r190 to —82 
—76 to —1I 
+16 to +100 
+16 to +304 


—185 to +20 
—186 
° 
75 
20-100 
280-380 
©-100 
—r191 to —78 
—76 to —o 
—78 to —20 
—iI92 to —80 
13-45 
—223 


—185 to +20 
o-181 
—r101 to —79 
—76 to —o 
—so 
+II 
977 
1730 
{ —244 
\ —186 
—s50 
+11 
985 
o-100 
o-24 
— 200 
° 
100 
600 
—185 to +20 


Specific 
heat. 


Refer- 
ence. 


Galljum, liquid.... 


hard-drawn. . 
hard-drawn. . 


228. 


a 


Range * of 
temperature, 
1G; 


500 
1000 
—182 to +15 


—181 to 13 
23-100 
I2 to 113 
52-23 
o-100 
—185 to +20 
O-100 
O-I00 
—go to +17 
—t191 to —80 
9-98 
—186 to +18 
18-100 
—223 
—163 
angi 
20-100 
I5-I00 
1000-1200 
500 
o-18 
20-100 
—185 to +20 
o to +200 
o to +300 
o to +400 
o to +500 
o to +600 
o to +700 
o to +800 
o to +900 
o to +1000 
o to +1100 


Specific | Refer- 


heat. | ence. 


* When one temperature is given, the “true” specific heat is indicated, otherwise the “mean” specific heat. 


+ 0.3834 + 0.00020(¢ — 25) intern. j per.g degree = 0.0917 + 0.000048(¢ — 25) caleo per g degree. 
1913.) 
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(Griffith, 
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TABLE 243 (continued). 


SPECIFIC HEAT OF THE CHEMICAL ELEMENTS. 


Range * of 
Element. tenpreere 


go 
210 
18-100 
16-256 
—i191 to —80 
— 78 too 
—75 to +19 
—1I100 
fe) 
50 
100 


190 
—185 to +20 
60 


325 
625 
20-100 
—188 to —79 
—79 to +15 
S 60 


325 
20-100 
—100 
° 
100 
=i] 1) 22 
—36 to —3 
—185 to +20 
° 
85 
I00 
250 
—185 to +20 
60 
475 
20 to 100 
—185 to +20 
100 
300 
500 
1000 
18-100 
19-98 
—186 to +18 
o-I00 
O-1265 
o-5I 
13-36 
—186 to +20 
—186 to +18 
I00 
200 
500 
75° 
1000 
1300 
20-100 
20-500 
20-1000 
20-1300 


Specific 
heat. 


o0000009000DDDODODODDNDODAONDODOODDDDDDDDADDDODDDOODDDDDDOHHOODODODO00N0 


Refer- 
ence. 


e 
Range * of 


Element. crept 


—Ig1 to —80 
—78 too 
—185 to +20 
i0-97 
° 
o-100 
—188 to +18 
—185 to +20 
—39 8 
57-£ 
232 
—238 
—213 
—173 
a) 
+27 
o-100 
23 
100 
500 
17-507 
800 
907-1100 
—185 to +20 
—IgI to —83 
—77 too 


—223 
—183 
—188 to +18 
O-54 
o-52 
IIQ-147 
—185 to +20 
1400 
—188 to +18 
I5-100 
—185 to +20 
20-100 
o-100 
—196 to —790 


Selenium 
Silicon 
“ce 


Tantalum 
ae 
Tellurium 

4“ 


Thallium 


—185 to +20 
o-100 
—185 to +20 
o-I00 
1000 
2000 
2400 
o-98 
© —I00 
— 243 
—103 
tas 
20-100 
I00 
300 
o-I00 


Tungsten 


sc 
“ 


“ 


Uranium 
Vanadium 


0000009900009009900909009090909990090990090999909099909999099090000 


* When one temperature is given, the “true” specific heat is indicated, otherwise the “mean” specific heat. See 


page 226 for references, 
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TABLE 244, 


HEAT CAPACITIES, TRUE AND MEAN SPECIFIC HEATS, AND 
LATENT HEATS AT FUSION. 


The following data are taken from a research and discussion entitled ‘‘Die Temperatur- 
Warmeinhaltskurven der technisch wichtigen Metalle,’ Wiist, Meuthen und Durrer, For- 


225 


schungsarbeiten herausgegeben vom Verein Deutscher Ingenicure, Springer, Heft 204, 1918. 


(a) There follow the constants of the equation for the heat capacity; W =a+bt+ ct; for 
the mean specific heat: s = at14-+ 6+ ct; and for the true specific heat: s’ = b + 2ct; also the 


latent heats at fusion. 


Tempera- 
ture 
Tange. 

Cc 


O-1500 

O-1500 

O-1500 

O-1500 

0-232 
232-1000] 14.33 


0-270 ; 
270-1000] 10.31 
O=R2u0 || = 


egal |= 
xsi) || == 
CH0ge |) == 


0-657 = 


327-1000] 6.07 


0}: 0:00) 10701070 0 


ie) 
°. 
°. 


419-1000] 14.34]o. 


Oo. 


630-1000] 39.42]0. 


Oo. 


657-I000|102. 39]0. 


. 10233 
. 06162 
-03325 
.O3121 
. 06829 
.07020 
-O3141 
- 03107 
-0555° 
321-1000] 6.300. 
-03591 


06952 


02920 
08777 
13340 
05179 
05090 
22200 
21870 


Tempera- 
ture 
range 
ae 


o-961 
961-1300 
o-1004 
1064-1300 
o-1084 
1084-1300 
O-1070 
1130-1210 
1230-1250 
0-320 
330-1451 
1451-1520 
o-950 
T100-1478 
1478-1600 
0-725 
785-919 
QIQ-1404 
405-1528 
1528-1600 


O09 00TC0D0S0599 190000 


25.41 


52.40 

O.1IL 
40.77 
14.57 


56.84 


0.05 


2.08 


— |24.14* 


* Allotropic heat of transformation: 
725-785°; 919° #1; 1404.5° + 0.5. 


(6) TRuE Speciric HEAT 


Mn, 1070-1130°; Ni, 


Ss. 


320-330°; Co, 


9009009090000 


oO D0DDDDD0N 


O5000090000 


© 9000000000000 


9090009000000000000 


TO000000000000000 


© 000000000 


000000 


(2 
C00000000000000 
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For more elaborate tables and for all the elements in upper table, see original reference. 
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TABLE 245. — 


ATOMIC HEATS (50° K), SPECIFIC HEATS (50° K), ATOMIC VOLUMES OF THE ELEMENTS. 
The atomic and specific heats are due to Dewar, Pr. Roy. Soc. 89A, 168, 1913. 


Specific 
heat 
—223°C. 


Atomic roma 


Atomic Atomic 
heat 


.1924 
.0137 
0212 


FOns 7 
.0028 
. 1519 
.0713 
.O413 
.0303 
.0303 


OOHHWOODOOH 
PNOHARHHNS O 


° 
° 
Oo. 
° 
° 
° 
fe} 
fe) 
ce) 
O° 


e 
iS) 
fo) 


0774 


.0431 
.0546 
.0967 
.1280 
.0714 
.0205 


0900090000000000000 


000000 
SOUND Ha 


WNHNHHHDHB AWN HNHDHHHOHO 


Ob We Os Goin CODEN SH Goer mio 
90990000900909009000 
ORRRRROWDHHHHP AHR AWH HW 


* Graphite. { Diamond. 
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TaBLeES 246-247. 
TABLE 246.—Specific Heat of Varicus Solids. 


Temperature 
wee 


‘Alloys: 
Bell metal . 
Brass, red . 
“yellow 
80 Cu + 20 Sn 


Specific heat. 


15-98 
10) 


0 
14-98 


0.0858 
-08991 
08831 
0862 


Cw 


88.7 Cu+i1.3Al . nee Bian te A 

German silver . 

Lipowitz alloy : 24.97 Pb -+ 10.13 Cd +50.66 Bi 
+ 14.24 Sn i ‘ ‘ q 


Rose’s alloy: 27. 5 Pb + 48.9 Bi + 23.6 Sn 


Wood's alloy: 25. 85 Pb 6. 99 Cd * Sor 43 Bi 
ee Rh we 
(fluid) . 4 : 
Miscellaneous alloys: 
pret ce OST  tGe7 2h 33.9 2 
37-1 Sb+62.9Pb . 
39.9Pb+60.1 Bi. 
Ss (fuid) . 
- 63.7 Pb + 36.3Sn - 
46.7 Pb+ 53.3 Sn 
63.8 Bi + 36.2Sn 
46.9 Bi +53.1Sn 
Gas coal. 5 
Glass, normal thermometer 16111 
“French hard thermometer 
crown . 
flint 


20-100 
0-100 


. 10432 
-09464 


ee Tele 


Bo 
100-150 

—77-20 

20-89 


+0345 
.0426 
.0350 
.0552 


sé 


~ 


ae!) 
100-150 


.0352 
.0426 


“ce “ 


+05057 
.03880 
.03165 
-03500 
.04073 
-04507 
. 04001 
-04504 
-3145 
1988 
. 1869 
161 
Tet) 
-146 
285 
463 

. 481 
i) 

. 3768 
.5251 
.6939 
.622 
ye 
aao12 
327 


20-99 
10-98 
16-99 
144-358 
12-99 
» 10-99 
20-99 
20-99 
20-1040 
19-100 
10-50 
10-50 
—188- —252 
—78- -—188 
—18- —78 
2-100 
20 
== 20-513 
—I19- +20 
0-20 
35-40 
60-63 
20-100 
20 


. . 


India rubber (Para) 
Mica £ 
Paraffin 


“ "fluid 
Vulcanite : 
Woods 


TABLE 247,—Specific Heat of Water and of Mercury. 


Specific Heat of Mercury. _| 
Temper-| Specific ||| Temper-| Specific 


ature,°C.| Heat. ature,°C.| Heat. 


Specific Heat of Water. 


Barnes- 
~| Regnault. 


Barnes- 
Regnault.| 


Temper- 


ature,°C. . | Rowland. 


1.0004 
1.0053 
1.0023 
1.0003 
0.9990 
.9981 
9976 
9974 
9974 
9976 
-9980 
9985 


0.03346 
.03340 
+03335 
.03330 
-03325 
.03320 
-03316 
.03312 
-03308 
-03300 
-03294 
-03289 
203284 


90 
100 
IIo 
120 
130 
140 
150 
170 
190 


0.03277 
-03209 
.03262 
+03255 
-03248 
.03241 
-0324 
.0322 
-0320 
.0319 


: Phil. Trans. (A) 199, 19023 
Bousfield, Phil. Trans. A 211, p. 199, 1911. 


The mercury data from 0° C to 80, Barnes-Cooke(H thermometer); from 90° to 140, mean of Winklemann, Naccari 
and Milthaler (air thermometer); above 140°, mean of Naccari and Milthaler, 


Barnes’s results : Phys. Rev. 15, 1902 5 16, 1903. (H thermometer.) 


Barnes-Kegnault’s as revised by Peabody; Steam ‘Tables. 
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228 TABLES 248-250. 
TABLE 248. — Specific Heat of Various Liquids. 


Spec. Au- Liquid. Temp.| Spec. | - Au- 


Liquid. heat. thority. °C. | heat. |thority. 


Alcohol, ethyl 229 

“ “ ‘ 576 
.876 
-975 
-942 
.983 
- 791 
-978 
- 396 
- 409 
- 350 
. 362 
-434 
-438 
-471 
- 387 
-4II 
eG iat 
. 980 
-938 
- 903 
- 364 
- 490 
- 534 
- 842 
-952 


“e “ce 


KOH + 30H:O 
oe Je I0o “ce 
NaOH + 50H,O 
iz3 = I0o ce 
NaCl + 10H2,O 
“cc ak 200 “eo 
Naphthalene, Ciokls > 25 = 


Oils: castor 
citron 


sesame 

CORDED eae 
Petroleum 
Sea water, Sp. gr. 


“ a 


°. 
°. 
°. 
oO. 
Oo. 
O°. 
O°. 
°. 
°. 
°. 
Oo. 
Oo. 
O°. 
°. 
oO. 
O°. 
Oo. 
Oz 
Oo. 


ie) 


CuSo, + 50 HO : ; “ T3 Ge 73 

ce de 200 “ 
+ 400 “ 
Diphenylamine, 


ZnSO. + 50 H.O0 
oe 2. 200 ce 


0+ 0' 0 OO 0° O 0)'O' OKO) 1ONONO10)0) ONO) OO TONONORORO RO 


References: (A) Abbot; (B) Batelli; (E) Emo; (G) Griffiths; (DMG) Dickinson, 
Mueller, and George; (H—D) de Heen and Deruyts; (Ma) Marignac; (Pa) Pagliani; 
(R) Regnault; (Th) Thomsen; (W) Wachsmuth; (Z) Zouloff; G1W) H. F. Weber. 


TABLE 249. — Specific Heat of Liquid Ammonia under Saturation Conditions. 


Expressed in Calories) per Gram per Degree C. Osborne and van Dusen, 
Bul. Bureau of Standards, 1918. 


ee 
a 
I. 
ie 
ie 
Ue 
a 
ie 
iis 
[a 


alabch anal al sistas 
Hone es 
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Se oesaha lig takes 
Het ee oO 
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TABLE 250. — Heat Content of Saturated Liquid Ammonia. 


Heat content = H = € + pv, where € is the internal or intrinsic energy. Osborne and van 
Dusen, Bul. Bureau of Standards, ror8. 


Temperature . ..] —50° | —40° | —30° | —20° | —10° | 0° | +10° | +20° | +30°| +40°| +50° 


H =€+ pv.....|-53.8|—43.3/—32.6|—21.8 II.0]0.0/+11.1]+22.4|—33.9|-45.5/-57.4 
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TABLES 251-252, 229 


SPECIFIC HEATS OF MINERALS AND ROCKS. 
TABLE 251,—Specific Heat of Minerals and Rocks, 


. a | 2 n bi - i 
‘Tempera Refer Sinbetanee Tempera- | Specific 


Substance. 5 = 
ture°C, - | ence, ° ture °C, Heat. 


Andalusite : 0-100 
Anhydrite, CaSOy : 0-100 
Apatite . : -| I5- 
Asbestos 5 5 : oat 
Augite . é .| 20-98 
Barite, BaSO, A -| 10-98 
Beryl. . | 15-99 
Borax, NaB,O7 fused 16-98 
Calcspar, CaCO; . f 0-50 
“4 Sey’ lc : 0-100 
“ Lt i : 0-300 
Casiderite, SnOs . .| 16-98 
Corundum_ . 3 9-98 
Cryolite, AlpFle. 6NaF . 16-99 
Fluorite,CaF2  . *) | 15-909 
Galena, PbS ; ‘ : O-I00 
Garnet . é . | 16-100 
Hematite, Fe,03 p .| 15-99 
Hornblende . : . | 20-98 
Hypersthene . : - | 20-98 
Labradorite 5 .| 20-98 
Magnetite . 18-45 
Malachite, CugC On Hz O 15-99 
Mica (Mg) . : 20-98 
SK) : : . | 20-98 
Oligoclase . : . | 20-98 
Orthoclase . : .| 15-99 
Pyrites, copper. .| 15-99 
Pyrolusite, MnOg. .| 17-48 
Quartz, SiO . . | 12-100 
“ce “ ‘ oO 
52 
400-1200 


Rock-salt . -| 13-45 0.219 
Serpentine . . | 16-98 2586 
Siderite : é 9-98 +1934 
Spinel . 3 -| 15-47 194 
alee. . - | 20-98 2092 
shopaz. . 5 0-100 -2097 | 
W ollastonite -| IO=51 175) 
Zinc blende, ZnS . o-I00 | .1146 
Zircon . : ail) PAS |) ge 
Rocks: 
Basalt, fine, black | 12-100 | .1996 | 
“ “ee “ 20-470 +199 
470-750 | .243 
750-880 .626 
880-1190 .323 
Dolomite . -| 20-98 | .222 
Gneiss : . | 17-99 -196 
0 .| 17-213 214 
Granite 0 . | 12-100 192 
Kaolin ; .| 20-98 224 
Lava, Aetna .| 23-100 | .201 
i | 31-776 | .259 
“ Kilauea . 25-100 -197 
Limestone . See Li5 LOOM -210 
Marble : 4 0-100 .21 
Quartz sand . | 20-98 -IQI 
Sandstone . : - 222 


WN O OWOMWUMMO AD De DARW ALN A 


1 Lindner. 6 Kopp. 11 Bartoli. 
2 Oeberg. 7 Joly. 12 Morano. 
3 Ulrich. 8 Pionchon. 

4 Regnault. 9 Roberts-Austen, Ricker. 
5 Tilden. 1o R. Weber. 
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Compiled from Landolt-Bérnstein-Meyerhoffer’s Physikalisch-chemische Tabellen. 


TABLE 252.—Specific Heats of Silicates, 


' Mean specific heats. True specific heats. 
Silicate. | o” Cto at 

| 100° 500° go0° 1400 One 100° oe 000° | 1300° 
Albite epi Mie da Vas 3230882 50n| ieee omeert iee2Oa) e2oan| ae 
9 BSG y |.1977 |.2410 |.26040) - || —- - - ~ - 
Amphibole, Mg. silicate |.2033 “2460 |e 2000 |e2731"" 185 1) .219 4) 276 P2304 - 
‘ glass . - ||.2040 |.2474 | — - - | - - = - 
Andesine 5 oo lSIO2S AO | eee! <= - | = 265 - = 
k i siess) 0 |. 10347) = PACE Sa Fil - - - - 

Anorthite en | SLOOL ana 200 0240 DN\a20745 lan74 lee 2O5)\\e 9200) |e2COnnn sts 
a olaSSaaee ST eLOSsuie230Sal — | ec = 
Cristobolite.. .  . |.1883 |.2426 |.2568 |.2680 |} - | - - - - 
Diopside. . : . ||-1924 |.2314 |.2500 |.26047] .176 | .207 | .262 | .284 = 
B glass ee LOS Oms2 332) |\nr— = =) Wee rei las = 
Microcline =) .~ . |l.1871 |.2262 |.2450 1) = 21711) -20r |} .258 | .270 |) o— 
ue glass . » ||:TOIO |.232T |.2514 -2598*) .176 | .206 | .264 | :299'| = 
| Pyroxene See re = al 2030 2484 - = Salle o= ele eee || os 
Quartz |.18608 |.2379 |.2596 |.2640*% .168 | .204 |. .204 | .285 | — 
| Silica glass . |.1845 |.2302 |.2512 | — = 166) "202 4) 2266 | .20 = 
Wollastonite. .. ..| — =  |.2344] - - - - - 
# glass |-1852 |.2206 | - - | - - - - - 

- pseudo . ||.1844 |.2170 |.2324 |.2448 | .171 | .197 | .243 | ..202| .272 


*0°-1100°; +0°-1250°; Taken from White, Am. J. Sc. 47, 1, 1919. 
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TABLE 253. 
SPECIFIC HEATS OF GASES AND VAPORS. 


230 


Mean 
ratio of 
specific 

heats. 


Cp/Co. 


Sp. ht. 
constant 
pres- 
sure. 


Substance. anes ‘a Authority. Authority. 


“ 


Ammonia 


“ 


Bromine 
Carbon dioxide, CO... 
iad “ o 


“a a“ “ 
monoxide, CO.. 
“ o iad 


“ disulphide, CS:. 
Chlorine 
Chloroform, CECI Sonia 


Ether, CgHi9O 


Nitric oxide, NO 
Nitrogen tetroxide, NOs. 
oe “ iss 
Nitrous oxide, NOG ss 
iad tas ia 
| Oxygen 
4 
ins 


| Sulphur dioxide, SOs... 


—30-+I0 |o. 
° 


90000 


I08—220 

IOI—223 
23-100 
27-200 
20-90 
34-115 
35-180 

116-218 


o00000000000009000000 


OWWwoaoand 


o 


3468 
2377 


+2375 
. 2366 
. 2429 
. 2430 
4534 


4580 


. 5202 


Be HH HAHN DD 
ee doa ee Aas i 
mo w Non hn OW 
O~1'0 HUM OHO 


AH On WY WN N 
HnwpeeHL 

n own HO WH Us 

H On ss fo Ww 


bNH Hw HN 


Om 


Wiedemann. 
Regnault. 20 
a 


Holborn and 
Austin. ° 
a“ 


500 


Regnault. 53 


— 100 


Regnault. 
Wiedemann. 

“ 
Dittenberger. 
Wiedemann. 


a“ 


Regnault. 


Wiedemann. 


Regnault. 
Strecker. 
Wiedemann. 


Regnault. 
Wiedemann. 


Strecker. 
Regnault. 


“ 


Wiedemann. 
Regnault. 


Regnault. 


Regnault. 
Holborn and 
Austin. 

“e 
Regnault. 
Berthelot and 

Olger. 


Regnault. 
Wiedemann. 


Regnault. 
Holborn and 
Austin. 


re 
—79.3|I. 
—79.3\2. 


HHA eRe RR RR RRO 


(os A as oe on Be co es oo oo oa 


Fiirstenau. 
Jaeger. 
Stevens. 

ae 


Wiillner. 


Niemeyer. 
Pagliani. 
iad 


Stevens. 
Strecker. 
Lummer and 
Pringsheim. 
Moody, 1912. } 
Wiillner. 


Beyme. 
Martini. 
Beyme. 
Stevens. 
Miiller. 
Low, 1894. 
Mean, Jeans. 
Strecker. 
ia 

Lummer and 

Pringsheim. 
Hartmann. 
Capstick. 
Ramsay, ’12. 
Kundt and 

Warburg. | 
Miiller. | 
Ramsay, ’12 
Cazin. 
Masson. 


as 


Natanson. 


Wiillner. 


Leduc, ’o8. 
Lummer and 
Pringsheim. 


Regnault. 
Thiesen. 


“ 


Miller. 
Beyme. 
Jaeger. 
Makower. 
Ramsay,’ 12. 


nb 
lon 


Water vapor, H.O 


Ts 


O000000D009D0OFHO9O90090 
Hob Of - tv 
16) 
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TABLE 254. 231 
LATENT HEAT OF VAPORIZATION. 
The temperature of vaporization in degrees Centigrade is indicated by ¢, the latent heat in 


large calories per kilogram or in small calories or therms per gram by r; the total heat from o° 
C, in the same units by H. The pressure is that due to the vapor at the temperature f. 


Substance. Formula. 5 Authority. 


Acetic acid C2H4O2 ; Ogier. 
Air —— Fenner-Richtmyer. 
C5Hy20 Schall. 
C.H,O : Wirtz. 
“ Regnault. 


“ 
(74 


Wirtz. 
Ramsay and Young. 
“e (z3 (73 


Mean. 
Wirtz. 
Andrews. 
Carbon dioxide, solid... . 2 Favre. 

a ie liquid . se 


Cailletet and Mathias. 
“ce “ 
Mathias. 
(79 


“ce 
“ 


Wirtz. 
Regnault. 
“ce 


“c 


c ‘ 
Wirtz. 
“ 


Andrews. 
Regnault. 
“cc 


“ 


Ethyl bromide C.H;Br DP : Wirtz. 
“chloride CoH;Cl ; Regnault. 
“iodide C.Hs1 Mean. 

eee? ay Young. 


Jodine 

Mercury 
Nitrogen 
Octane 

Oxygen 
Pentane 
Sulphur 
Sulphur dioxide 


ORHRO WO 0% 


@) 
A 


Favre and Silbermann. 
Mean. 

Alt. 

Young. 

Alt. 

Young. 

Person. 

Cailletet and Mathias. 


“ce 


Mean. 
Brix. 
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232 TABLES 255-257. 


LATENT HEAT OF VAPORIZATION. 


TABLE 255. — Formulae for Latent and Total Heats of Vapors. 


r = latent heat of vaporization at 2° C; H = total heat from fluid at o° to vapor at ¢°C. T° refers to Kelvin 
scale. Same units as preceding table. 


140.5 + 0.366444 — 0.000516 

139.9 + 0.23356t + 0.000553587 

139.9 — 0.27287t + 0.0001571/ 

109.0 + 0.24429t — 0.00013152 

18. 485(32 — t) — 0.4707(31 — #)? 

.0 +0.14601¢ — 0.00041237 

.5 +0.16993¢ — 0.0070161/2 + 0.053424 
-5 — 0.06530t — 0.00109767 + 0.05342# 
.0 + 0.14625t — 0.0001727 

.9 +0.17867t — 0.0009590% + 0.0537338 
.9 — 0.01931t — 0.00105052 + 0.053733/ 
.O+ 0.1375¢ 

.o + 0.14716t — 0.00009372 

-0 — 0.08519f — 0.0001 444/ 

-.0 + 0.45000f — 0.00055567 

94.0 — 0.07900! — 0.00085147 

177000 — 2.57 (cal/g-atom) 

68.85 — 0.2736T 

131.75(36.4 — t) — 0.928(36.4 — #)? 

69.67 — 0. 2080T 

128000 — 2.57 (cal/g-atom) 

91.87 — 0.3842t — 0.0003 40f 

217800 — 1.87 (cal/g-atom) 

638.9 + 0.3745(t — 100) — 0.00099(¢ — 100)? 
r = 94.210(365 — #)931249 (See Table 259) 


Acetone, C3HsO 


Benzol, CeHs 
Carbon dioxide 
Carbon bisulphide, CSe... . 


COM) H 
HHNOOO 


Carbon tetrachloride, CCla. 


Chloroform, CHCls 


DBD UUH 


re) 
AI 7 


Ether, CsHwO 


by ate 00 CO CO 


Molybdenum 

Nitrogen, Ne 

Nitrous oxide, N2O........ 
Oxygen, O2 

Platinum 

Sulphur dioxide 

Tungsten 

Water, H20 
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R, Regnault; W, Winkelmann; C, Cailletet and Mathias; A, Alt.; D, Davis; H, Henning; L, Langmuir. 


TABLE 256.—Latent Heat of Vaporization of Ammonia. 


CALORIES PER GRAM. 


tw 


os) 
lo. a i ony AF non 
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° 
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na Awa CO 
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Osborne and van Dusen, Bul. Bureau Standards, 14, p. 430, 1918. 


TABLE 257. — ‘“‘Latent Heat of Pressure Variation”? of Liquid Ammonia. 


When a fluid undergoes a change of pressure, there occurs a transformation of energy into heat or vice versa, which 
results in a change of temperature of the substance unless a like amount of heat is abstracted or added. This change 
expressed as the heat so transformed per unit change of pressure is the “latent heat of pressure variation.” It is ex- 
pressed below as Joules per gram per kg/cm?. Osborne and van Dusen, loc. cit., Pp. 433, 1918. 


Temperature® C] —44.1 : : +16.5 +26.5 +35-4 +40.3 


Latent heat....] —.055 —.107 —.123 —.140 —.150 


SMITHSONIAN TABLES. 


TABLE 258. 233 
LATENT AND TOTAL HEATS OF VAPORIZATION OF THE ELEMENTS. 


The following table of theoretical values is taken from J. W. Richards, Tr. Amer. Electr<ch. 
Soc. 13, p. 447, 1908. They are computed as follows: 87;, (8 = mean value atomic specific 
heat, Dulong-Petit constant, o° to T° K, 7, = melting point, Kelvin scale) plus 27°, (latent 
heat of fusion is approximately 27, J. Franklin Inst. 1897) plus 10(7s — Tm) (specific heat 


- : of liquid metals is nearly constant and equal to that of the solid at 7;,, 7, = boiling point, Kelvin 


scale) plus 237, (23 = Trouton constant; latent heat of vaporization of molecular weight 
in grams is approximately 23 times Ty) = 337s. Total heat of vapor when raised from 273° K 
(0° C) equals 337, — 1700 (mean value of Dulong-Petit constant between 0° and 273°K is 
1700). Heats given in small calories per gram. 


Latent Latent 
Ele- To heat of] 337b— Ele- ap heat of | 337b 
ment. °K 23Tb vapori- 1700 Maal ment. SK: 23Tb vapori- 1700 va 
zation. 273° K zation. 273° K 
oe es ee el ee See [eee ee eee ee 


Hg 630 | 14,500 72 | 19,100 96 || Rh | 2773 | 63,800] 620 | 90,000 | 870 
K 993 | 22,800 | 590 | 31,100 800 || Ru | 2790 | 64,100] 630 | 90,000 | 880 
Cd | 1050 | 24,200 | 230 | 33,000 310 || Au | 2800 | 64,500] 330 | 91,000 | 460 
Na | 1170 | 27,000 |1170 | 37,000 | 1610 || Pd | 2810 | 64,600] 610 | g1,000 } 850 
Zn | 1200 | 27,700 | 430 | 38,000 580 || Ir 2820 | 64,800] 340 | 91,300 | 470 
In 1270 | 29,300 | — | 40,300 | — || Os 2870 | 66,000] 350 | 93,000 | 490 
Mg | 1370 | 31,600 |1320 | 43,600 | 1820 || U 3170 | 73,000] 305 |103,000 | 430 
Te | 1660 | 38,200 | 300 | 54,900 430 || Mo | 3470 | 80,000] 830 |113,000 | 1180 

i 129,000 
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TaBLe 259. 


PROPERTIES OF SATURATED STEAM. “i ee: 
Metric and Common Units. 


Reprinted by permission of the author and publishers from “‘ Tables of the Properties of Steam,”’ Cecil H. Peabody, 
8th edition, rewritten in 1909. Calorie used is heat required to raise 1 Kg. water from 15° to 16° C.. B. TI. Us is heat 
required to raise 1 pd. water from 62° to 63° F. Mechanical Equiv. of heat used, 778 ft. pds. or 427m. Kg. Specific 
heats, see Barnes-Regnault-Peabody results, p. 227. Heat of Liquid, q. heat required to raise 1 Kg. (1 lb.) to corre- 
sponding temperature from o° C. Heat of vaporization, r. heat required to vaporize 1 Kg. (1 lb.) at corresponding tem- 
perature to dry saturated vapor against corresponding pressure; see Henning, Ann. der Phys., 21, p. 849, 1906. ‘Total 
Heat, H=r-+q, see Davis, Tr. Am. Soc. Mech. Eng., 1908. 


234 


Temperature | 


oat onike fice: Heat Equivalent 


Pressure. “aii izati t 
Liquid. Vaporization. Internal Work. 


Degrees 
Centigrade. 
‘Temperature 
Degrees 
Fahrenheit. 


Mm. of Kg. Pds. : : pen 7 : 
Mercury. | per sq. cm. | per sq. in. Calories. |B. T. U.|Calories.| B. T. U. |Calories.| B. T. U. 


p- p. p- ; . i ig p- p. 


4.579 | 0.00623 | 0.0886 b .O | 595.4 | 1071-7 | 565.3 | 1017-5 

6.541 | .00889 -1265 : .I | 592.8 | 1067.1 | 562.2 | 1011.9 

@:205 | §.01252 1780 : I | 590.2 | 1062.3 | 559.0 | 1006.2 
127717 On| ee O37 2471 : d 587-6 | 1057-6 | 555.9 | 1000.5” 
17.51 02351 3386 : I | 584.9 | 1052.8 | 552.7 | 994.8 


23.69 .03221 “.4581 : .I | §82.3 | 1048.1 | 549.5 | 989.1 
31.71 04311 6132 : : 579.0 | 1043-3 | 546.3 | . 983.4 
42.02 .05713 (8126) | 35: ; 576.9 | 1038.5 | 543-1 977-6 
sepa) 07495 1.0661 : LONG 74020 LOB 3-55 |S SOlOnt mcr Tey 
71.66 .09743 1.3858 ; PS1-0) 1571-39) 1020-4 | 153055 1) 005.7 


92.30 12549 1.7849 : 5 68.4 | 1023.2 33-0 59.6 
117.85 .16023 2.279 f b tace IOIS.1 oe ee 
149-19 .20284 2.885 h ‘ 562.8 | 1013.1 | 526.4 | 947.5 
187.36 2547 3.623 : 0 | 559.9 | 1007.8 | 523.0 | 941.3 
233-53 | 3175 4.516 ‘0 | 556.9 | 1002.5 | 519.5 | 935-0 


289.0 13929 5.589 5 © | 554.0] 997.3 | 516.0] 928.8 
Be Gel 4828 6.867 ; 44.0 | 551.1 | 991.9 | 512.6 22.6 
433-5 5804 8.383 04 -I | 548.1 | 986.5 | 509.1 916.3 
525.5 ‘7149 10.167 90. ‘I | 544.9 | 980.9 | 505.4 | 909.9 


546.1 7425 10.560 . ‘9 | 544-3 | 979.8 | 504.7 | 908.5 
Ee 27 if) 10.966 : : 543-7 | 978.7 | 504.0 | 907.2 
5 8.7 Hae 11.384 ; -5 | 543-1 | 977-6 | 503.3] 906.0 

11.0 8307 11.815 A. 3. | 542-5 | 976.5 | 502.6 | 904.7 


634.0 | .8620 12.260 : 2! 541.9 || 0975.4 | 5OT- 3 
037-7 8942 12.718 ; A 541.2 974.2 ae eae 
ea .9274 13.190 ye 8 | 540.6 | .973.1 | 500.4 
707.3 .JO16 13.678 95. é 539-9 971.9 3 
733:3 9970 0. 5 | 539-3 | 970.8 | 498.9 


760.0 1.0333 i : : 530-7 69. .2 
Bus 1.0707 229 L. aT || 530c5 368.6 ae 

15.9 | 1.1093 ‘9 | 537-4 | 967.3 | 496.8 
845.1 1.1490 : : 7 | 530. 966.2 | 496.1 
875.1 1.1898 b 2 A 536.2 | 965.1 | 495.4 


964.0 | 494.7 
962.8 | 493.9 
961.6 | 493.1 
960.5 | 492.4 
959-3 | 491.6 


906.1 1.2319 
937-9 1.2752 
970.6 1.3196 
1004.3 1.3653 
1038.3 1.4123 


Dwwo oa 


Minturn on 
02 Wd Gd WG Ga 
Norn 


NN HNL 
bw NW toy to 


Cos Se 
np AMO 


Ke) 


1074.5 
THIOL 
1148.7 
1187.4 
1227.1 


958.1 | 490.9 
956.9 | 490.2 
955-7 | 489.4 
954-5 Bi 
953-3 


952.1 
950.8 
240% 
945.4 
947-2 


ones) 


bo Ga Go Ga Ga 
OF OUI 
Dw Oo 
HYNNDHD 
Go G2 Ga Ga G2 
SUS ES 
nF AOO 


1267.9 
1309.8 
1352.8 
1397.0 

1442.4 


WN wR HN 
AAW Gc © 


NOMn nO 


NNN NHN 


Bh nnn 
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TABLE 259 (continued). 23¢ 
PROPERTIES OF SATURATED STEAM. 


Metric and Common Units. 


If a is the reciprocal of the Mechanical Equivalent of Heat, p the pressure, s and o the specific volumes of the 
liquid and the saturated vapor, s —.o, the change of volume, then the heat equivalent of the external work is Apu = 
Ap(s—¢). Heat equivalent of internal work, p= r— Apu. For experimental sp. vols. see Knoblauch, Linde and 
Klebe, Mitt. iiber Forschungarbeiten, 21, p. 33, 1905. Entropy = S dQ/T, where dQ = amount of heat added at ab- 
solute temperature T. For pressures of saturated steam see Holborn and Henning, Ann. der Phys. 26, p. 833, 1908} 
for temperatures above 205° C. corrected from Regnault. : 


Heat Equivalent 

of External Specific Volume. Density. 
Work. Entropy 

of Evapo- 
ration, 


Degrees 
Centigrade. 


; Cubic Meters | Cubic Feet | Kilograms Pounds 

Calories.} B.T.U. per Kilo- per per Cubic per 

gram. Pound. Meter. “| Cubic Foot. 
s P| 1 

s 8 


Temperature 


Temperature 
Degrees 
Fahrenheit. 


206.3 4. 0.00485 | 0.000303 
147.1 : .00680 .000424 
106.3 é 00941 .000 37 
77-9 : 01283 000801 
57.8 926. 01730 .0OT080 


43-40 A 02304 001439 
32.95 ; 03035 .001894 
25.25 ‘ 03960 .00247 I 
19.57 ; OSI .003190 
15.25 A. .0056 .004092 


Wo Go od Wo W 
WWD 


12.02 4 .0832 .00519 
9.56 ° .1046 00053 
7.06 : 1305 .00814 
6.19 E 1615 01008 
5-04 . 1984 01239 


4.130 : 2421 OI 510 
3.404 ; .2938 01835 
2.824 3 3541 02211 
2.358 é 4241 .02648 


2:2] : “4395 02743 
2.197 5 +4552 02842 
2.122 : 4713 02941 
2.050 ; 4878 03043 


1.980 ; 505 03149 
1.913 : ; .03260 
1.849 . : 03375 
1.787 ‘ ‘ 03492 
1.728 : . .O3011 


nb NY NN 


Adinocos AnwdHOd 


1.671 : . .03734. 
1.617 : - 03861 
1.564. : : .03990 
1.514 24.2 : per 


RN NNN 


Qe 


.04.400 
04543 
.04692 
.04845 
.0500 


NNN NN 
NWR N 


iS RONG SS ND 


.0516 
0533 
0550 
.0567 
0585 


fe) 


byw 
DOW WW 
db AMO 


MOQ 


.0603 
.0622 
0641 
.0059 
.0679 


bby Nb 
bk AwWO 
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2.36 TABLE 259 (continued). 
PROPERTIES OF SATURATED STEAM. 
Metric and Common Units. 


Heat of Heat of Heat Equivalent of 
ee the Liquid. Vaporization. Internal Work. 


Degrees 
Centigrade. 
‘Temperature 

Degrees 
Fahrenheit. | 


Calories. | B. T. U. | Calories. . I. U; |'Calories 


Temperature 


Mercury. 


p- p 


fe} 
my 


483.4 
482.6 
481.8 
481.0 
480.2 


1489 
1537 
1556 
1636 
1688 


bby vv bv 
NN we eS 
aN AUA 
NWHHHN DN 
bby bb 
bb DAWO 


479-4 
478.6 
4778 
477.0 
476.3 


1740 
N95 
1850 
1907 
1966 


NNN NN 
bbw HH be 
Nn aAWO 


wokANO 


2026 475-5 
ey 474-7 
2150 » ‘ 474.0 
2214 : : i ; ; 47 3-3 
2280 : : 242. : ‘ 472.5 


Go Gd Go WwWwnbN 
ORR YAOI ENO WD 


by 
SoH 


2348 : : : : 5 471.6 
2416 : ; 30. : : 3 470.8 
2487 : ; é : : 470.1 
2500 of : : : : 469.3 
2634 : : Z : : 468.5 


2710 
2787 
2866 
2948 
3039 


3115 
3202 
3291 
3381 
3474 


3569 
3065 
3764 
3865 
3968 


467.6 
466.8 
466.1 
465.3 
464.4 


463.6 
462.8 
462.0 
461.2 
460.4 


AS, 
SONG 


Row Hb 


MO HO 


NN Nb 
SMWAANAG 
9 DAL S 
au hON 


0 mot 
NIH OHM 


WN Go Go Go Gd 


tr 


459-5 
458.7 
457-9 
457-1 
456.3 


tN to 


SOP SEES 
nk AMO 
manmmm wmmmcmd 


NHN WN bv 


ms nf UON 
NN ON 


Noh ty 


4073 
4181 
4290 
4402 
4517 


455.4 
454.6 
453.8 
453-0 
452.1 


mCmonnnwn NSInnrnnN 
oo A 


ESS 


NOH RA AN 


NN tN 


4633 
4752 
4874 
4998 
5124 


5253 
5384 
5518 
5655 
5794 


451.2 
450.4 
449.5 
448.7 
447.9 


DADAANN Ourmun 


447.0 
446.3 
445.4 
444.6 
443-7 


mont 
mMnon 


YN SNN 
COAWW 4 


N 
N 


| 
| 
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TABLE 259 (continued). 
PROPERTIES OF SATURATED STEAM. 
Metric and Common Units. 


237 


Heat Equivalent 


Degrees 
Cenugrade. 


Calories. 


Temperature 


T 


of External Work. 


Entropy 


of Evapo- 


ration, 


Specific Volume. 


Density. 


Cubic Cubic 
Meters per| Feet per 
Kilogram. Pound. 


Ss. S. 


Kilograms| Pounds 
per Cubic | per Cubic 
Meter. Foot. 


0.8914 14.28 
8653 13.86 
8401 13.40 
8158 13.07 
7924 12.69 


-7698 T2598 
‘7479 | 11.98 
7207 11.64 
.7003 Deg 
.6867 11.00 


.6677 10.70 
-6493 10.40 
6315 10.12 
.6142 9.839 
5974 | 9.509 


5812 9.309 
+5656 g.060 
5506 8.820 
.5301 8.587 
5219 8.360 


5081 8.140 
-4948 7-926 
.4819 7-719 
-4694 7-519 
4574 7-326 


4457 7-139 
4343 6.957 
4232 6.780 
4125 6.609 
.4022 6.443 


.3921 6.282 
3824 6.126 
-3729 5-974 
3037 5.826 
3548 5.683 


-3463 5.546 
-3380 5-413 
.3298 5-282 
3218 5-154 
.3140 5.029 


.3063 4.906 
2989 4.789 
.2920 54 677 
-2855 4.571 
2792 4.469 


2720 4. 368 
.2666 4.268 
2603 4.168 
.2540 4.070 
.2480 3-975 


2 ba OG) WG WwW WW 


Temperature 


Degrees 
Fahrenheit. 


NwN HN YN 
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2 38 TABLE 259 (continued). 
PROPERTIES OF SATURATED STEAM. 
Metric and Common Units. 


Heat of Heat of Heat Equivalent 
SEA the Liquid. Vaporization. of Internal Work. 


eit. 


Calories. | B. T. U. | Calories. | B. T. U. | Calories. 


Temperature 
Degrees 
Centigrade. 
Temperature 
Degrees 
Fahrenh 


Mercury. : 
‘Pp: . q. q. r. r. p. 


5937 . : 171.6 | 308.9 | 488.7 | 879.6 | 442.8 
6081 ; 3 172.6 | 310.7 | 487.9 | 878.3 | 441.9 
6229 . . 173-7 ; 487.1 | 876.9 | 441.1 
6379 . : 174.7 : 486.3 | 875.4 | 440.2 
6533 3] 175-7 3| 485.5 | 8739 | 439-4 


6689 H ’ 176.8 : 484.7 | 872.4 | 438.5 
6848 ; ? 177.8 20. 483.9 | 871.0 | 437.7 
7010 : : 178.8 : 483.1 | 869.5 | 436.8 
7175 : ; 179.9 : 482.3 | 868.1 | 436.0 
7343 ! ; 180.9 : 481.4 | 866.6 | 435.0 


7514 : ie, 181.9 : 480.6 | 865.1 | 434.2 
7088 ; ; 183.0 5 479.8 | 863.6 | 433.3 
7866 : ae 184.0 ‘ 479.0 | 862.2 | 432.5 
8046 : ; 185.0 ; 478.2 | 860.7 
8230 : : 186.1 : 477-4 | 859.2 


8417 ; : 187.1 : 6.6 | 857. 

8608 ; mLOO! 188.1 ; yee 826.5 
8802 é : 189.2 40. 474.8 | 854.7 
8999 : : 190.2 ; 474.0 | 853.2 
g200 S : 191.2 : 473-2 | 851.7 


9404 3 3 192.3 : 472.3 | 850.2 
g612 q : 193.3 ; 471.5 
9823 3 : 194.4 : 470.0 
10035 ; F 195-4 : 469.8 
10250 : : 196.4 ‘ 468.9 


10480 : : ; 3 468.1 
10700 é ; A é 467.2 
10930 8 : : ; 406.4 
11170 . . . ; 465.6 
II41o 5 5 : : 464.7 


11650 
11890 
12140 
12400 
12650 


463.8 
462.9 
462.1 
461.2 
460.3 


(or) 


bBo wwWH HN 
ty Go G2 Ga G2 


HORE 
Av Cs 


12920 
13180 
13450 
T3732 
14010 


459-4 
458.6 
457-7 
456.8 
455.9 


OOo ee orn 


SDD BPWWW bd 
CHR RHO CO NN O}OON 
monmnmnm mmaommo moc 


bond WN bv 
mw NN 


Ot 
ONgans 
Av OP O 


14290 
14580 
14870 
15170 
15470 


455.0 
454.1 
453.2 
452.4 


451-5 


450.6 
449.6 
448.7 
447.8 
446.9 


000 


mbnNnndNhnh Wd 
bh NH NN 


ee re | 
VAnHLW 
Wh NAH 
ios) 
HH 
STO 
pH 
SINNI™N NI 
Nd O02 Wd 


OO AD 


(oe) 

re) 
~) 
I 


15780 
16090 
16410 
16730 
17060 


WO G2 WW OD 
NNHN bo 
Le 
NH OM 
NIN™N™NN 

tO Nn N 

COS On 

WOnAN+S 


17399 446.0 


=>) 
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TABLE 259 (continued). 
- PROPERTIES OF SATURATED STEAM. 
Metric and Common Units. 
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: | 

bg bce Specific Volume. Density. 

Entropy Entropy 
of the of Evapo- 
Liquid. ration. 


Cubic Cubic Kilograms | Pounds 
Meters per} Feet per | per Cubic | per Cubic 
Kilogram. | Pound. Meter. Foot. 


Calories.| B. T. U. 


Temperature 
Degrees 
Centigrade. 
Temperature 
Degrees 
Fahrenheit. 


Ss. 


3.883 
3-794 
3-709 
3.626 
3-545 


3.467 
3-391 
3.318 
3-247 
3-177 


3-109 
3.041 
2.974 
2.911 


2.849 


2.787 
Day 
2,669 
2.614 


DADAAN DAMA UNuny 


O COD 
ONANO 


~ 


SMITHSONIAN TABLES. 


TABLE 260. 
LATENT HEAT OF FUSION. 


240 


This table contains the latent heat of fusion of a number of solid Substances in large calories per 
kilogram or small calories or therms per gram. It has been compiled principally from Landolt 
and Bérnstein’s tables. C indicates the composition, 7 the temperature Centigrade, and Af the 
latent heat. 


Substance, 


Authority. 


j) Alloys: 30.5Pb-+ 69.5Sn . 
36.9Pb-+ 63.1Sn . 
63.7Pb-+ 36.35n . 


77.8Pb + 22.2Sn 


Spring. 


“c 


| Ledebur. 


Britannia metal, gSn + 1Pb 
Rose’s alloy, 


24Pb-+ 27.3Sn + 48.7Bi Mazzotto. 


Wood’s alloy } foe hele i : : td 


Aluminum . 
Ammonia , 
Benzole 
Bromine 
Bismuth 
Cadmium : 
Calcium chloride 
Copper : 6 
Iron, Gray cast . 

SS VWVihite: <%= 

© Sas , 
Iodine 


“(from sea-water) . 


Lead 
Mercury 
Naphthalene 
Nickel 
Palladium . 
Phosphorus 
Platinum 
Potassium . 
Potassium nitrate 
Phenol 
Paraffin 
Silver 
Sodium 

ss nitrate 


«phosphate 


Spermaceti 
Sulphur 
ALIN Ace . 
W ax (bees) 
Zinc 


° 


Al 
NH3 
CeHe 
Br 
Bi 
Cd 
CaCle + 6H2O 
Cu 


I 
H,O 


H,O + 3.535 | 
of solids f 
Pb 
Hg 
CioHs 
Ni 
Pd 
P 
Pt 


Ae obs 
Que 
mn bo 


w 


On WO 
ain 
por nen 


ww 
CAT ORG 


Qwnwrnpan 


(op) 
NA PHN 


(oy) 


a= 


“N 


MIO HOODY ROD OD 
N OG) 


“NI 


naw 
“=WOWO 7 
Ww NW 


Glaser. 

| Massol. 
Mean. 

| Regnault. 


| Person. 
| “ee 


“ 


Mean. 


| Gruner. 
“ce 


“ 


Favre and Silbermann. 
§ Dickinson, Harper, 

( Osborne.t 

Smith.t 


Petterson. 


Mean. 
Person. 
Pickering. 
Pionchon. 
Violle. 
Petterson. 
Violle. 
Joannis. 
Person. 
Petterson. 
| Batelli. 
Person. 
Joannis. 
| “ 


“ce 


| Batelli. 
Person. 
Mean. 


a3 


“ 


* Total heat from 0° C. 


t U.S. Bureau of Standards, 1913, in terms of 15° calorie. 


£ 1903, based on electrical measurements, assumin 
international volt in use after rorr. 
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g mechanical equivalent = 4.187, and in terms of the value of the 


TABLES 261-262. 
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TABLE 261.— Heat of Combustion of Some Carbon Compounds. 


Kg. cal. 


Compound. Formula.| per g- 


Paraffins: 
Methane, g 
Ethane, g 
Propane, g 
i-Butane, g 
n-Hexane, | 
n-Heptane, | 


Ethylene, g 
Propylene, g 
i-Butylene, g 
Amzylene, | 
Hexylene, | 
Acetylene, g 
Trimethylene, g 


3.280 
3.206p 
5.10p 


Carbon disulphide, | 
Methyl-chloride, g 
Ethyl-chloride, v 


v, p, following the heats of combustion, signify at constant volume and pressure respectively. 
ferred to constant pressure, the values are 0.58 Kg-cal. greater (at about 18° C) for each condensed gaseous 
The values are means from various observers. 


molecule. 
water, etc. 


Kg. cal. Kg. cal. 


‘mol. | Per 8 


Compound. Formula. 


Alcohols: 
CHO 
C2HsO 
C3HsO 
CsHi0O 
CsHi20 


CoH6O 
C4Hi0O 
C3HsO 


CH202 

CoH402 
C3sH602 
CsHsO2 
C3H6Os 


CeH0s 
Ci2H 20010 414 

3HsO3 307 
CeHeO 735 
CieH»On | 1353 
CeH1005 685 
CiHis0 1353 
CO(NHz2)2} 152 


5-31p 
7.10p 
8.0op 
8.680 


8.96p 


7.60p 
8.92p 
8.43p 


1.3570 
3-490 
4.960 
5.950 
3.660 


170p 
327P 
483p 
644~ 
7838p 


346p 
660p 
506p 


62p 
210p 
3038p 
525p 
330p 


680 


Dimethyl, g 

Diethyl, v 

Ethyl-methyl, v 
Acids: | 


Propionic, | 
n-butyric, | 
Lactic, 1 
4.880 
432) 
7.82 
3.950 
4.23 
9.02p 
253 


When re- 


The combustion products are gaseous COs, liquid 


TABLE 262.— Heat of Combustion — Miscellaneous. 


Small 

calories 

per g 
substance. 


Substance. 


Reference. 


Small 
calories 
per g 
substance. 


Substance. 


Reference. 


Asphalt 
Butter 
Carbon: amorphous 


graphite 
Copper (to CuO) 
Dynamite, 75% 
Egg, white of 
Egg, yolk of 
Patsianimalis ene seve vicoeisl els oh 
Hemoglobin 
Hydrogen 
Tron (to Fe203) 
Magnesium (to MgO) 
Oils: cotton-seed 


bell le lel | RBauwwnn 1H 


Oils: petroleum: 


sperm 

Paraffin (to CO2, H20 1) 

Paraffin (to COz, H2O g) 

Pitch 

Sulphur, rhombic 

Sulphur, monoclinic 

Tallow 

Woods: beech, 13% H20 
birch, 12% H2O 
cak, 13% H20 
pine, 12% H20 


moDmmann | AON AKNN 


References: (1) Slossen, Colburn; ( 
mann; (7) Gibson; (8) Gottlieb. 


; (3) Berthellot; (4) Roux, Sarran; (5) Thomsen; (6) Stoh- 
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242 TABLE 263. 


HEAT VALUES AND ANALYSES OF VARIOUS TYPES OF FUEL. 


Moisture 
Ash. 
Hydrogen 


Lignite High grade 

Sub-bitu- { Low grade. 

minous | High grade 

Bitu- { Low grade. 

minous | High grade 

aaa Low grade 

minous \ Highgrade 
Semi-anthracite 

Low grade. 

High grade 

Low grade. 

High grade 


{ Low grade. 


H 


H 
WMO NOWIWONNO CO 


WBNHwWhHAUMUUN DAO 
OOHHHHHHHOO 


| 
| . 


OHOOHOOOHOOOO 


(b) Prats and Woop (air dried). 


Vol. | Fixed em Sul- | Hyaro- 


na carbon. phur. | gen. 


Peats: 
Franklin Co., N. Y...| 67,10 
Sawyer Co., Wis.....| 56.54 


(c) Liguiw FUELs. 


British thermal units. 
per pound. 


Specific gravity 


at 15° C. Calories per gram. 


-684-. 6094 12210-12220 21978-21996 

. 710-. 730 IIIOO—-11 400 19980-20520 

-790-.800 II000—-II200 IQ800-20160 

Fuel oils, heavy petroleum or refinery residue .960-.970 10200-10500 18360-18900 
Alcohol, fuel or denatured with 7 to 9 per 
cent water and denaturing material..... .8196—. 8202 6440-6470 II592-11646 


(d) GAsEs. 


“Wumi- 
i ants. 


Natural gas, C. 

Natural gas, Pa 

Natural gas, France 

Coal gas, low grade 

Coal gas, high grade...... 
Water gas, low grade 
Water gas, high grade... . 


*CoHs. Data from the Geological Survey, Poole’s The Calorific Power of Fuel f ; 
(Van Nostrand’s Chemical Annual). wer of Fuels, and for natural gas from Snelling 
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TaBLe 264, 43 


CHEMICAL AND PHYSICAL PROPERTIES OF FIVE DIFFERENT ~ 
ISIE OF EXPLOSIVES. 


grams 
plo- 


Explosive. 


pendulum. 
Rate of detonation. 
of explosive. 
sion at a distance of 


Specific gravity. 
Cartridges 14 in. diam. 
grams; gaseous, solid, and liquid, 
coal dust mixture with 


Length of flame from 100 grams. 
respectively. 


Number of large calories developed 
by 1 kilogram of the explosive. 
Pressure developed in own volume 

after elimination of surface in- 
Unit disruptive charge by ballistic 
Duration of flame from -1o0 
Cartridge 13 in, transmitted ex 
Products of combustion from 200 
Ignition occurred in 4% firedamp & 


Kg. per 
sq. cm. 

Meters per 
second 

Millisec- 
onds. 


(A) Forty-per-cent nitro- 
glycerin dynamite 


ie) 

tN 
Oo 
wn 
1oe) 
OL 

oo 


(B) FFF black blasting 
powder 


(C) Permissible explo- 
sive; nitroglycerin 
class 


(D) Permissible explo- 
sive; ammonium 
nitrate class 


(E) Permissible explo- 
sive; hydrated class 


Chemical Analyses. 


(220) Wikoyisiebide. my GA ae ge oO) Be ae ee AeuOR! (D) Moisture 
iINGiiRodyCeHING A pf 4 8 6 nw ol ZfeHes) Ammonium nitrate 
SOCUUN NERVE 5 5 5 5 6 6 o Cees) Sulphur 
Wicoal jams co 4 0 6 6 o 6 4 1gReS Starch 
(Calleiunincerdnromeites 5 5 5 alo 5 Shey Wood pulp 

; Poisonous matter 

(B) INIOIStULe yee I) cco inn FLO: 00: Manganese peroxide 
Sochinimn MMA 5 5 os 4 5 o 1 YOsby Sand ; 
Charcoal mami mer vere es etl. 7 A 
Swim  . ol a 6 BS SoH HORS) (E) Moisture 

: Nitroglycerin 

KC) Moisture: 0. 6 ots. 6) 7-89 Ammonium nitrate 
Nitroglycerin . eT Ae ue en ro 402 Sand. 

Sodium nitrate . . 36.25 Coal. 

Wood pulp and crude fibre from Clay . ‘ 
grains. . ie 2 Ammonium sulphate ; 

Starch... . oy ei a2: Zinc sulphate (7HO) . 

Calcium carbonate . See AM che OF Potassium sulphate 

Magnesium “ 


* One pound of clay tamping used. + Two pounds of clay tamping used. + Rate of burning. 
§ Cartridges 1? in. diam. || For 300 grammes. 
Compiled from U. S. Geological Suryey Results, — ‘‘ Investigation of Explosives for use in Coal Mines, 1909.” 
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TABLE 265. — Additional Data on Explosives. 


, 
Calculated 


Explosive. Vol. gas | Calories Costhcicet Cochicient Beat 170) 


(Ref. Young, Nature, 102, 216, 1918.) Der eeu se ny GP =1 


co=V + 1000 C, sp. ht. gases 


Gunpowder 

Nitroglycerine 

Nitrocellulose, 13% No 

Cordite, Mk. I. (NG, 57; NC, 38; Vaseline, 5) 
Cordite, MD (NG, 30; NC, 65; Vaseline, 5)... 
Ballistite (NG, 50; NC, 50; Stabilizer, 5).... 
Picric acid (Lyddite) 


Shattering power of explosive = vol. gas per g X cals./g & Va X density where Vd is the velocity of detonation. 
Trinitrotoluene: Vd = 7000 m/sec. Shattering effect = .87 picric acid. 

Amatol (Ammonium nitrate + trinitrotoluene, TNT): Vd = 4500 m/sec. 

Ammonal (Ammonium nitrate, TNT, Al): 1578 cal/g; 682 cc gas; Vd = 4000 m/sec. 

Sabulite (Ammonium nitrate, 78, TNT 8, Ca silicide 14): about same as ammonal. 


° " 
TABLE 266. — Ignition Temperatures Gaseous Mixtures. 
Ignition temperature taken as temperature necessary for hot body immersed in gas to cause ignition; slow com- 


bination may take place at lower temperatures. McDavid, J. Ch. Soc. Trans. III, 1003, 1917. Gases were mixed 
with air. Practically same temperatures as with Oz (Dixon, Conrad, Joc. cit. 95, 1909). 


| Benzoleiamd airy. l- etic ae to62° C Btherand! air. seacee eeepc cece 1033° C 


| Coaligasiandairs acca ce retort 878 Ethylene mand airs Ses o ee ene 1000 


‘COlan diane. Biota qvuctnc oe eawissen ice 931 Hydrogentand airs ..-cemeiemien vie cece 747 | 
| 


TABLE 267. — Time of Heating for Explosive Decomposition. 


Temperature ° C. 2 Ignition temperature. 


Ce 


Black powder 
Smokeless powder A 
Smokeless powder B 
Celluloid Pyroxylin 
Collodion cotton 
Celluloid * 

Safety matches 
Parlor matches 
Cotton wool 


n, failure to explode in twenty minutes. * The decomposition of nitrocellulose in celluloid commences at about 
100° C; above that the heat of decomposition may raise the mass to the ignition point if loss of heat is prevented. 
Above 170°, decomposition occurs with explosive violence as with nitrocellulose. Rate of combustion is 5 to 10 times 
that of poplar, pine, or paper of the same size and conditions. 

{ Measured by contact with porcelain tube of given temperature. Average. 

{ Measured by contact with molten lead. Average. 

Taken from Technologic Paper of Bureau of Standards, No. 08, ror7. 


TABLE 268.— Flame Temperatures. 


Measures made with optical pyrometer by Féry, J. de Phys. (4) 6, 1007. 


Alcohol, with NaCl Hydrogen flame 
Bunsen flame, no air Hydrogen-oxygen 
Bunsen flame) 4 alt...) sae seinen Acetylene burner 


Bunsen flame, full air Acetylene-oxygen 
Illuminating gas-oxygen Cooper-Hewlit Hg 
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; TABLE 269. 245 
THERMO-CHEMISTRY. CHEMICAL ENERGY DATA. 


The total heat generated in a chemical reaction is independent of the steps from initial to final 
state. Heats of formation may therefore be calculated from steps chemically impracticable. 
Chemical symbols now represent the chemical energy in a gram-molecule or mol(e); treat re- 
action equations like algebraic equations : CO + O=CO, + 68 Ke-cal; subtract C+ 2 O=CO, 
+97 Kg-cal, then C+ O—CO-+29 Kg-cal. We may substitute the negative values of the 
formation heats in an energy equation and solve MgCl, + 2Na=2NaCl+ Mg+x Keg-cal; 
— 151 =— 196+ x; x= 45 Kg-cal. Heats of formation of organic compounds can be found 
from the heats of combustion since burned to H,O and CO,. When changes are at constant 
volume, energy of external work is negligible; also generally for solid or liquid changes in vol- 
ume. When a gas forms a solid or liquid at constant pressure, or vice versa, it must be allowed 
for. For N mols of gas formed (disappearing) at T° the energy of the substance is decreased (in- 
creased) by 0.002: N-: Ty Kg-cal. H,+ O—H,O +4 67.5 Kg-cal. at 18°C. at constant volume ; 
4(2 H,+ O, —2 H,O= 135.0-+ 0.002 X 3 X 291 = 136.7) =68.4 Kg-cal. 

The heat of solution is the heat, + or —, liberated by the solution of 1 mol of substance in so 
much water that the addition of more water will produce no additional heat effects. Aq. signifies 
this amount of water; H,O, one mol. ; NH;-++- Aq=NH,OH - Aq.+8 Keg-cal. 


TABLE 269, (a). Heats of Formation from Elements in Kilogram Calories. 
At ordinary temperatures. 


| Heat of Heat of Heat of |f 
Compound. - Compound. | Forma- Compound. Forma- Compound. Forma- 
i tion. tion. tion. 


to 


Al,O3 : HgO 21.4 |) KCl 104.7 |) La, SO, 
| Ag,O : Na,O 100. LiCl 93-3 || (NH,).SO,4 
BaO bs Nd,O; 435. MgCl, 151.0 || Na,SO, 
BaO, , NiO : MnCl, 112.3 || MgSO, 
| Bi,O, ; P,O; sgs : NaCl 97.8 || PbSO, 
CO am E PbO : NdCl, 250. Th,SO, 
CO di : PbO, -4 || NH,Cl : ZnSO, 
i CO, am ‘ Pr,O3 : NiCl, : CaCO; 
| CO, gr : Rb,O : PbCl, 83. CuCO,; 

CO, di : SO, rh sgg 5 PdCl, mrAO: FeCOs 
CaO SISOS gr.o || PtCl, 4 || KzCO, 
CeQ, , ; SnO ; SnCl, : MgCO, 
Cl,O g 3 SnO, cr : sini = b Na,CO, 
CoO am : SrO, ; Syd Gil ; ZnO; 
CoO cr 4 ThO, ; Thc, : AgNO, 
| CogO4 ; TiO, am : TS) i Ca(NOs), 
CrO; : TiO, cr 218. RbCl : Cu(NOs3).6 H,O 
Cs,0 : T10, : ZnCl, : H,NO; gggl 
Cu,0 2.3 || WO, 31. || HBr glg 6 || KNO, 
CuO a7: WO; : NIi,Br : LiNO, 
| FeO : ZnO 85. HI gsg : NH,NO,; 
Fe,03 : AgCl : HF ggg : NaNO; 
Fe,0, : Ag,Cl i Ag.s : TINO; 
H,0O ggl .4 || AIC], : CS, sgg : CH, sgg 
H,O, ggl i AuCl y : (Cai) : C,H, sgg 
Hg,O : AuCl, y 22. (NH,),5 b C,H, sgg 
HgO : BaCl, : Cus .3 || HCN di gsgg 
i K,0 : BiCl, : CuS : NH, ggg 
La,O3 . CCl, am ‘ H.S gsg .73|| Ca(OH), 
LiO, : CaCl, ; KGS 3 NH,OH 
MgO 43. CdCl, : Mgs : NaOH 
MnO : CoCl, : Na,S 89. Na- H,0- Aq—H 
MnO, : CuCl, é PDS : 4(2 Na- O- H,O) 
Mn30, : CuCl : CaSO, é 3(Na,0 - H,0: Aq) 
MoO, a: FeCl, : CuSO, ; KOH 
MoO; : FeCl, i H,SO, sggg : K - H,O + Aq-H 
N,O ggg : GI1Cl, ‘ -SO, - H,O* : 4(2K -O~H,O) 
NO geg 20. HCl gel 22. Hg SO, : 3(K,0 - H,O - Aq) 
NO, : HgCl 200 HgSO, 
Na,O, 6 |i EigCl, , K,SO, 


bw Ww NWO NW 
SI by NH ON COW 
DOwv AW 


OOH OE Oho & 


am = amorphous; di= diamond; gr= graphite; cr =crystal; g=gas; 1=liquid; s=solid; y = yellow (gold); 
rh = rhombic (sulphur), * Heats of formation not from elements but as indicated. 
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HEATS OF FORMATION OF IONS IN KILOGRAM-CALORIES. 

+ and — signs indicate signs of ions and the number of these signs the valency. For the ioni- 
sation of each gram-molecule of an element divide the numbers in the table by the valency, e. g., 
9.03 gr. Al = 9.03 gr. Al+ + 40.3 Kg. cal. When a solution is of such dilution that further dilu- 
tion does not increase its conductivity, then the heats of formation of substances in such solutions 
may be found as follows: FeCl,Aq=-+ 22.2 + 2 X 39.1 = 100.4 Kg. cal. CuSO,Aq=— 19.8 
+ 2X 39.1 = 1098. Kg. cal. 


AsO,——— +215.0 
Br— + 28.2 
BrO, — + 11.2 | 
CO, —— + 160.8 
Cl— + 39.1 
ClO — + 26.0 
ClO, — + 23.4 
ClO, — — 38.7 


s+ — 25:3 
Al++-+ + 121.0 


44+ 
Oo SAIS 


+ 
y 
nO H#inWwW 


tott 


+ + 
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+ 
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TABLE 271,—Heats of Neutralization in Kilogram-Calories, 


The heat generated by the neutralization of an acid by a base is equal, for each gram-molecule 
of water formed, to 13.7 Kg. cal. plus the heat produced by the amount of un-ionized salt formed, 
plus the sum of the heats produced in the completion of the ionizations of the acid and the base. 
(See also p. 209). 


Base. CH;COOH-aq 


KOH - aq 
NaOH : aq 
NH,OH : aq 

4 Ca(OH), - aq 
4 Zn(OH), - aq 
4 Cu(OH), + ag 


et 


S0t9, Fl ty 
Hr NWWOW) 


| MOS HOS 
MmOOuA™N™N oo 


TABLE 272,—Heat of Dilution, H,SO,. 


In Kilogram-calories by the dilution of one gram-molecule of sulphuric acid by m gram-mole- 
cules of water. 


99 199 399 1599 
17.86 


5 19, 49 
13-11 | 16.26 | 16.68 | 16.86 | 17.06 | “17.31 
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RADIATION CONSTANTS. 
TABLE 273,—Radiation Formule and Constants for Perfect Radiator. 


247 


The radiation per sq. cm. from a ‘‘ black body ”’ (exclusive of convection losses) at the tem- 
perature 7» (absolute, C) to one at Z° is equal to 


J=0o(Tt—#) (Stefan-Boltzmann) ; 
where o= 1.374 X 10—1!2 gram-calories per second per sq. centimeter. 
aL Om me sé Keen Ute on mr (2 
=5.75 X10—!* watts per sq. centimeter. 


The distribution of this energy in the spectrum is represented by Planck’s formula: 


Cy 
RIOT ae 
where /a is the intensity of the energy at the wave-length A (A expressed in microns, u) and ¢ is 
the base of the Napierian logarithms. 
gram. cal. 
sec. cm." 


watts 


C,=9-226 < 10° for J in == DODO OTe iam 


cm. 
C2=14350 for Ain uw 


Uirax=— eT DE OTOL ae TOL iain 


Amax 7 =20910 for Ain w 
h= Planck’s unit=elementary “Wirkungs quantum ’”’=6.83 X 107” ergs. sec. 
k=constant of entropy equation=1.42 X 10° ergs./degrees. 


gram, cal, e A is Watt. 
= 1.30 X 10° T* tor J in ; 
see. cme CM. 


TABLE 274.— Radiation in Gram-Calories per 24 Hours per sq. cm. from a Per‘ect Radiator at ¢° C to 
an absolutely Cold Space (—273° ©). 


Computed from the Stefan-Boltzmann formula. 


=| 
%S 
Q 


Af 


+t+++4+4+4+4+4+4++ 


WWOKHNHNKN WHR HHH 
MUnmaAbpH HPA HWWW 
NO mMAHL NO WAL 


NO MAL WO CO 


+4+++4+4+44+4+4+ 


TABLE 275.—Values of J) for Various Temperatures Centigrade. 
Ekholm, Met. Z. 1902, used Cy = 8346 and C,= 14349, and for the unit of time the day. 
For 100°, the values for JA have been multiplied by 10, for the other temperatures by 100. 


P= xz000'C 


cal 


a 
no 
Noe) 


+ 
S) 


a) 
b nH B10 ON Cun WF | Ps 
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TABLE 276. 
BLACK-BODY SPECTRUM INTENSITIES (Jx). 


Values of J) using for C1, 9.23 X 103, C2, 14350., A in wt. If the figures given for Ja are plotted in cms as ordi- 
nates to a scale of abscissae of 1 cm to 1 p, then the area in cm? between the smooth curve through the resulting points 
and the axis of abscissae is equivalent to the radiation in calories per sec. from = cm? of a black body at the correspond- 
ing temperature, radiating to absolute zero. The intensities when radiating to a body at a lower temperature may be 
obtained by subtracting the intensities corresponding to the lower temperature from those of the higher. The nature 
of the black-body formula is such that when AT is small, a small change in Cz produces a great change in Une 
when (C2/XT is 100 or 10, the change is 100 and ro fold respectively; as AT increases, the change becomes proportional; 
e.g., when C2/ AT is less than 0.05, the change in J) is proportional to the change in C2. 
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RADIATION EMISSIVITIES. 
TABLE 277. — Relative Emissive Powers for Total Radiation. 


Emissive power of black body = 1. Receiving surface platinum black at 25°C; oxidized surfaces oxidized at 
600 + °C. Randolph and Overholzer, Phys. Review, 2, p. 144, 1913. 


Temperature, Deg. C. 


oo 


Platinum (1) 
Oxidized zinc .. 


Calorized copper, oxidized 
Cast iron 


Oxidized copper 
Oxidized brass 


HO0000000000 


Remark: For radiation properties of bodies at temperatures so low that the radiations of wave-length greater than 
20 w or thereabouts are important, doubt must exist because of the possible and perhaps probable lack of blackness of 
the receiving body to radiations of those wave-lengths or greater. For instance, see Table 379 for the transparency 
of soot. 


TABLE 278. — Emissivities of Metals and Oxides. 


Emissivities for radiation of wave-length 0.55 and 0.65 uw. Burgess and Waltenberg, Bul. Bureau of Standards, 
II, 591, 1914. 

In the Gold state practically all the metals examined appear to have a negligible or very small temperature coeffi- 
cient of emission for A = 0.55 and 0.65 w within the temperature range 20° C to melting point. Nickel oxide has a 
well-defined negative coefficient, at least to the melting point. There is a discontinuity in emissivity, for dX = 0.65 u 
at the melting point for some but not all the metals and oxides. This effect ismost marked for gold, copper, and 
silver, and is appreciable for platinum and palladium. Palladium, in addition, possesses for radiation a property 
analogous to suffusion, in that the value of emissivity (A = 0.65 4) natural to the liquid state may persist for a time 
after solidification of the metal. The Violle unit of light does not appear to define a constant standard. Article con- 


tains bibliography. 


Metals. 


ea, 0.55 psolid.... 
0.55 @ liquid.. 


0.65 w solid... 
liquid... 


Metals 


eA, 0.55 we solid.... 
liquid... 


0.65 m solid... 
liquid.... 


Oxides: 0.65 uw 
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2 50 TABLES 279-281. 
RADIATION EMISSIiVITIES. 
TABLE 279. — Relative Emissivities of Metals and Oxides. 


Emissivity of black body taken as 100. 


True temperature C. 


60 FeO.40 Fe2O3 
= Fe heated 


Platinum: 
True temp. C 
App.* temp. C..... 
Total emiss. Pt.....| 3. ; : ‘ 7.0 | 8.0 


Tungsten: 
True temp. K (abs.).......]| 200 | 600] 1000 | 1400 | 1800 
51.8 | 50.8] 49.8 | 48.9 | 47.9 
47.2| 40.3 |°45.3 | 44.3 


* As observed with total radiation pyrometer sighted on the platinum. 
References: (1) Burgess and Foote, Bul. Bureau of Standards, 12, 83, 1915; (2) Burgess and Foote, loc. cit. 
II, 41, 1914; (3) Foote, loc. cit. 11, 607, 1914; (4) Worthing, Phys. Rev. 10, 377, 1917- 


TABLE 280. — Temperature Scale for Tungsten. 


Hyde, Cady, Forsythe, J. Franklin Inst. 181, 418, 1916. See also Phys. Rev. 10, 395, 1917. The color temperature 
= temperature of black body at which its color matches the given radiation. 


Color Black-body True True True — True — 


Lumens/watt temperature. temperature. temperature. || temperature. color. | brightness. 


1763° K. 1627° K. 
1917 1753 
2025 1840 
2109 1909 
2179 1967 
2237 2017 
2290 2062 
2338 2102 
2383 2140 
2425 2174 


OO OIANSWHH 


= 


TABLE 281.— Color minus Brightness Temperatures for Carbon. 
Hyde, Cady, Forsythe, Phys. Rev. 10, 395, 1017. 


Brightness temp. ° K...... 


Color — brightness.............. 
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TABLES 282, 283, 251 


COOLING BY RADIATION AND CONVECTION. 


TABLE 282, — At Ordinary Pressures. TABLE 283, — At Different Pressures. 
According to McFarlane* the rateof loss of heat by a sphere Experiments made by J. P. Nicol in Tait’s Labo- 
placed in the centre of a spherical enclosure which has a ratory show the effect of pressure of the en- 
blackened surface, and is kept at a constant temperature of closed air on the rate of loss of heat. In this 
about 14° C, can be expressed by the equations case the air was dry and the enclosure kept at 


about 8° C. 
€ = .000238 + 3.06 X 10—%¢ — 2.6 X 10-872, , 


when the surface of the sphere is blackened, or 
Polished surface. Blackened surface. 
€ = .000168 + 1.98 X 10—6¢ — 1.7 X 10—3/2, 


when the surface is that of polished copper. In these equa- et et 
tions, e is the amount of heat lost in c. g. s. units, that is, 
the quantity of heat, small calories, radiated per second per 
square centimeter of surface of the sphere, per degree differ- 
ence of temperature /, and ¢ is the difference of temperature 
between the sphere and the enclosure. The medium through 63.8 .00987 61.2 .01746 
which the heat passed was moist air. The following table yeu 00862 50.2 01360 
gives the results. 50.5 .007 36 41.6 .01078 
44.8 .00628 34-4 .00860 
40.5 00562 27.3 .00640 
34.2 00438 20.5 00455 
29.6 00378 = = 

23.3 .00275 = = 

18.6 .00210 - - 


PRESSURE 76 CMS. OF MERCURY. 


ence of 
tempera- 


ture 


Differ- Value of e. | 
; Ratio. 
t Polished surface. | Blackened surface. 


.000178 
PRESSURE 10.2 oF MERCURY. 


.000186 


67.8 00492 62.5 .01 298 
61.1 00433 57-5 01158 
55 00383 53-2 .01048 
49-7 00340 47-5 .00898 
44.9 00302 43.0 .00791 
40.8 .00268 28.5 .00490 


sO00193 


.000289 


000298 


.000306 


-000313 PRESSURE 1 CM. OF MERCURY. 


.000220 000319 : 
.O1182 
01074 
01003 
00720 
00639 
-00 569 
.00446 
00391 


00388 
00355 
00286 
.00219 
00157 
.001 24 


000223 000323 
.000326 


000328 


NOW kU OF 
bh NYSN HSPN HN 


ROWAN RAM 


nN 


.000226 000328 


* “Proc. Roy. Soc.” 1872. 
+ ‘ Proc. Roy. Soc.”? Edinb. 1869. 
See also Compan, Annal. de chi. et phys. 26, p. 526. 
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252 TABLES 284, 285. 


COOLING BY RADIATION AND CONVECTION. 
TABLE 284, — Cooling of Platinum Wire in Copper Envelope. 


Bottomley gives for the radiation of a bright platinum wire to a copper envelope when the space between is at the 

highest vacuum attainable the following numbers : — 

t= 408° C., ef = 378.8 X 10-4, temperature of enclosure 16° C. 

P= G05) Caer —— 7201 elma, is ce 17° C. 
It was found at this degree of exhaustion that considerable relative change of the vacuum produced very small 
change of the radiating power. The curve of relation between degree of vacuum and radiation becomes asymp- 
totic for high exhaustions. The following table illustrates the variation of radiation with pressure of air in 
enclosure. 


Temp. of enclosure 17° C., #= 505° C. 


Temp. of enclosure 16°-C., = 408° C. 


Pressure in mm. 


‘et 


Pressure in mm. 


et 


740. 
440. 


8137.0 X 10-4 
FQ Ln 


0.094 
:053 


1688.0 X 10-# 
1255.0 “ 


1126.0 
920.4 
831-4 
797-4 
746.4 
726.1 


140. 7875.0 
42. 7591.0 
: 6036.0 
2633.0 
1045.0 
123 
Bie 
430.4 
378.8 


.034 
.013 
.0046 
.00052 
00019 
Lowest reached 
but not measured ' 


TABLE 285.—Effect of Pressure on Loss of Heat at Different Temperatures. 


The temperature of the enclosure was about 15° C. The numbers give the total radiation in therms per square cen- 
timeter per second. 


Pressure in mm. 
Temp. of 
wire in C2. 


About 


2:25 or M. 


100° 
200 
300 
400 
500 
600 


0.005 
.0055 
O05 
.025 
7055 
13) 
24 
.40 
OF 


pate) 
i et O 
DmDran 


[bow 
moun 


, Nore. — An interesting example (because of its practical importance in electric light- 
ing) of the effect of difference of surface condition on the radiation of heat is given oaane 
authority of Mr. Evans and himself in Bottomley’s paper. The energy required to keep 
up a certain degree of incandescence in a lamp when the filament is dull black and when 


it is “flashed ” with coating of hard bright carbon, was found to be as follows : — 


Dull black filament, 57.9 watts. 


Bright “ sf 39-5 watts. 
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TABLES 286-287. 2 5 3 
TABLE 286. — Conduction of Heat across Air Spaces (Ordinary Temperatures). 


Loss of heat by air from surfaces takes place by radiation (dependent upon radiating power of surface; for small 
temperature differences proportional to temperature difference; follows Stefan-Boltzmann formula, see p. 247), 
conduction, and convection. The two latter are generally inextricably mixed. For horizontal air spaces, upper surface 
warm, the loss is all radiation and conduction; with warm lower surface the loss is greater than for similar vertical 
space. 

Vertical spaces: The following table shows that for spaces of less than 1 cm width the loss is nearly proportional 
to the space width, when the radiation is allowed for; for greater widths the increase is less rapid, then reaches a maxi- 
mum, and for yet greater widths is slightly less. The following table is from Dickinson and van Dusen, A. S. Refrigerat- 
ing Engineers J. 3, 1016. 


HEAT CONDUCTION AND THERMAL RESISTANCES, RADIATION ELIMINATED, 
AIR SPACE 20 CM HIGH. 


Heat conduction. Thermal resistance. 
Cal./hour/cm?/° C, Same units. 


Temperature difference. Temperature difference. 


rg 


Variation with height of air.space: Max. thermal resistance = 4.0 at 1.4 cm air space, 10 cm high; 6.0 at 1.6 cm, 
20 cm high; 8.9 at 2.5 cm, 60 cm high. 


TABLE 287.— Heat Convection in Air at Ordinary Temperatures. 


In very narrow layers of air between vertical surfaces at different temperatures the convection currents, in the 
main, flow up one side and down the other, with eddyless (stream-line) motion. It follows that these currents trans- 
port heat to or from the surfaces only when they turn and flow horizontally, from which fact it follows, in turn, that 
the convective heat transfer is independent of the height of the surface. It is, according to the laws of eddyless 
flow, proportional to the square of the temperature difference, and to the cube of the distance between the surfaces. 
As the flow becomes more rapid (e.g., for a 20° difference and a distance of 1.2 cm) turbulence enters, and the above 
relations begin to change. For the dimensions tested, convection in horizontal layers was a little over twice that in 
vertical. 

Taken from White, Physical Review, 10, 743, 1917. 


Heat Transfer, in the Usual C.G.S. Unit, i.e., Calories per Second per Degree of Thermal Head per Square Cm of 
Flat Surface, at 22.8° Mean Temperature. 


Where two values are given, they show the range among determinations with different methods of getting the tem- 
perature of the outer plate. It will be seen that the value of the convection is practically unaffected by this difference 
of method. ; 


8 mm gap. I2 mm gap. 24 mm gap. 


Total. Convection. Convection. Convection. 


O00 OOT . o -000 O90 -O00 025 


.000 003 


.000 106 .000 O40 
003 


.000 007 ; ; .000 126 .000 060 


SMITHSONIAN TABLES. 


254 TABLE 288. 
CONVECTION AND CONDUCTION OF HEAT BY GASES AT HIGH TEMPERATURES. * 


The loss of heat from wires at high temperatures occurs as if by conduction across a thin film of stationary gas 
adhering to the wire (vertical and horizontal losses very similar). Thickness of film is apparently independent of 
temperature of wire, but probably increases with the temperature of the gas and varies with the diameter of the wire 
according to the formula 6-logb/a = 2B, where B = constant for any gas, b = diameter of film, a, of wire. The rate 
of convection (conduction) of heat is the product of two factors, one the shape factor, s, involving only a and B, the 
other a function @ of the heat conductivity of the gas. If W = the energy loss in watts/cm, then W = s(p2 — 91). 
s may be found from the relation 


Gy aos ie T 
Ca Si $ =4.10 f° kdt, 

where & is the heat conductivity of the gas at temperature T in calories/em °C. q2 is taken at the temperature T2 

of the wire, 1 at that of the atmosphere. The following may be taken as the conductivities of the corresponding 

gases at high temperatures: 


For hydrogen Soar eo eats k= 28X TOV T(r + .0002T)/(1 + 77T)} 
ER tee thane CAC AECCS OS k=4.6X 10 T(z + .0002T)/(x + 124T-)} 
mercury vapor........ k=2.4X% 1o8WT1/(1 + 960T-1)}. 


To obtain the heat loss: B may be assumed proportional to the viscosity of the gas and inversely proportional to 
the density, For air (see Table 289(b)) B may be taken as 0.43 cm; for He, 3.05 cm; for Hg vapor as 0.078. Obtain 
s from section (a) below from a/B; then from section (b) obtain $2 and qi for the proper temperatures; the loss will 
be s(@2 — 1) in watts/cm. 


(2) s AS FunctTION oF a/B. 


a/B 


.0 
-735 X 106 
504 X 1078 
725 X I0 2 
75 < Lom 
0644 

1176 

185 

265 

-354 

453 


OnoNndounonounoad 
09900980000 
90D WOT DAN 
OnoOnNnonounodno 
NIN ANUNHR HWY HH 


ABRBRwWWHHHHOO 


ind 


(6) TABLE oF @ IN Warts PER Cm AS FUNCTION OF ABSOLUTE TEMP. CGR): 


* Langmuir Physical Review, 34, p. 401, 1912. 
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HEAT LOSSES FROM INCANDESCENT - FILAMENTS. 

(a) Wires oF PLAtiINuM Sponcr SERVED AS RADIATORS (TO ROOM-TEMPERATURE SURROUND- 
INGS). Hartman, PuystcaL REVIEW, 7, p. 431, 1910. 


(A) Observed heat losses in watts per cm. 
Absolute temperatures. 


Diameter 


° ° ° 


I000° | I100° | 1200° | 1300° | 1400° | 1500° | 1600° | 1700° 


2.26) || 3.0%) |) 3.88 3 6.18. | “7.70 aeats 
Do 7Si |) 2420) ||| 284 : 4.20: | 5:33 6 o.as 
PAG | E76 | 2.23 A B123) e300 : 3.72 
ingots, ||) Ato stay || amatet : 2.54 | 3.04 : 4.32 


MOS) kaze ql ele sO 
Tog || t.r7 | tou 
9.92) |) 2.05) |r. 22 
0.81 | 0.89 | 1.03 


I r.54 | 1 2.00 
Th. Rast ne 2.08 
I I 
I I 


r.46 7.67 
1.31 1.47 


au 
Le 
Bs 
ah 


(C) Computed radiation, watts per cm, 0 = 5.61 X 10 }2.* 


ake |) Seis -52) 1 3.47, : 6.26 | 7.07 
-73 | 1.09 153) 2-22 | 2) 3-74 | 4°84 
48 4} On7r SOE Lsor ee. 2raS | Sey 
-34 | 0.50 stad | etoys | es Te 73) | 2n24: 


(D) Conduction loss by silver leads, watts per cm. 


{ 
-46) || ©. 40) | ©. 62) | 0:75) || 0.88 | I-00: | 107, Z, 
220 | @.28 | 0.35 | 0.43 | 0.48") 0.55 || 0.587 °. 
708 | 6.08. | 0.09 | OLE | ©. 12 | 0.24 || 0. 25 ° 


(E) Convection loss by air, watts per cm. 


0.68 | 0.70 | 0.67 |. 0.57 | 0.59 | 0.69 
0.77 | 6.87 || 0.92 | 10.89) |) ©.92 | 0.03 
O82 |) 6104 || T0441 (2. 2E | 277 | 25 


* This value is lower than the presently (1919) accepted value of 5.72. 


(0) WIRES OF BRIGHT PLATINUM 40-50 Cm LONG SERVED AS RADIATORS TO SURROUNDINGS 
AT 300° K. LANncGMurr, PHYSICAL REVIEW, 34, P. 401, 1912. 


Observed energy losses in watts per cm. 

Diameter 
wire, 
cm. 


Absolute temperatures. 


900° fe 1300° 


.O510 , by ©.90 are) .03 
.02508 z ; 0.68 é -45 
-01262 ax , 0.53 B atid 
. 00691 ‘ : 0.48 : -99 
. 00404, 3 . 0.41 ; 84 


Energy radiated in watts per cm.* 


0.049 Ones 0.323 
024 0.067 0.159 
7OL2, 0.034 0.080 
° 
° 


.007 0.019 .044 


° 
° 
° 
0.004 0.011 .020 


“Convection” losses in watts per cm. 


0.85 .28 oop 
0.66 -95 20 
0.52 Se .03 
° 
° 


47 79 95 
wal .60 81 


oo0o00o°0o 
bh ww ou 
OH OH 
HHH®ww® 
Hb NNW 


Thickness of theoretical conducting air film. 


Means. 
.O510 ‘ : : Z 0.33 0.36 0.37 : .36 0.34 
.02508 ; : ; 0.41 +45 -45 5 : 0.43 
.01262 : : Ad 0.49 a0 .69 : : se 
. 00601 , : 8 0.40 43 -47 5 ; Evi 
. 00404, -47 .56 ly : 

Means. nie) -49 -49 : 3 -43 


fe} 
fo} 


We Computed witha = 5.32, black- body efficiency of platinum as follows (Lummer and Kurlbaum): 492° K. 
0.039; 654°, 0.060; 795°, 0.075; T108°, 0.112; 148°, 0.754; 1761° K., 0.180, For significance of last group 
of data, see next page. f{ Weighted mean. 
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256 
THE EYE AND RADIATION. 


Definitions: A meter-candle is the intensity of illumination due to a standard candle at a meter distance. The 
millilambert (0.oor lambert) measures the brightness of a perfectly diffusing (according to Lambert’s cosine law) 
surface diffusing 1 lumen per cm2. A brightness of 10 meter-candles equals 1 millilambert. o.oo1 ml corresponds 
roughly to night exteriors, 0.1, to night interiors, ro ml to daylight interiors and 1000, to daylight exteriors. A bright- 
ness of 100,000 meter-candles is about that of a horizontal plane for summer day with sun in zenith, 500, on a cloudy 
ey, At magnitude stars just visible, 0.2, full moon in zenith, .oo1, by starlight; in winter the intensity at noon may 

rop about 4. 


TABLE 290. — Spectral Variation of Sensitiveness as a Function of Intensity. 


Radiation is easily visible to most eyes from 0.330 m (violet) to 0.770 ws (red). At low intensities near threshold 
values (gray, rod vision) the maximum of spectral sensibility lies near 0.503 (green) for 90% of all persons. At higher 
intensities, after the establishment of cone vision, the max. shifts as far as 0.560 x. See Table 297 for more accurate 
values of sensitiveness after this shift has been accomplished. The ratio of optical sensation to the intensity of energy 
increases with increasing energy more rapidly for the red than for the shorter wave-lengths (Purkinje phenomenon); 
ie., a red light of equal intensity to the eye with a green one will appear darker as the intensities are equally lowered. 
This phenomenon disappears above a certain intensity (above ro millilamberts). Table due to Nutting, Bulletin 
Bureau of Standards. 


The intensity is given for the spectrum at 0.535 (green). 


Intensity 
(meter-candles) = 


.00024 {| .00225 .0360 -575 
Ratio to preceding step = 16 


— 9.38 16 
Wave-length, \. Sensitiveness. 


430 bt 
450 
470 
490 
505 
520 


O.II4 
0. 23 
o.51 
(0.83) 
0.99 
0.99 
°.Q1 
0.62 
(0.39) 
0.27 
0.173 
0.098 
0.025 
0.007 


Dw | 
An DAO 


99000990000000 
00909090000HG000 


09999000900HG0 
99990000090HG000 


99900000999000 
9099999009000 


\, maximum sensitiveness 


TABLE 291. — Threshold Sensibility as Related to Field Brightness. 


The eye perceives with ease and comfort a billion-fold range of intensities. The f ying i 7 
the eye fully adapted to the sensitizing field, B, the field flashed off, and uc ae ates nny ee hs 
(angular size at eye about 5°) adjusted to be just visible. This table gives a measure of the brightness. T ate es 
to just pick up objects when the eye is adapted to a brightness, B. Intensities are indicated log intensities lie 
lamberts. Blanchard, Physical Review, 11, p. 81, 1018. : 2 nsitres tay 


+2.0 |+3.0 


(7 cee = ee By | ets e : —0.75|+0. 28 


-0018 | .corg 


Log T, blue 


Log T, green 


Log T, yellow 


Log T, red 


SMITHSONIAN TABLES, 


TABLES 292-295. 2 57 
THE EYE AND RADIATION. 
TABLE 292. — Heterochromatic Threshold Sensibility. 


The following table shows the decrease in sensitiveness of the eye for comparing intensities of different colors. The 
numbers in the body of the table correspond to the line marked 7/B of Table 291. The intensity of the field was 
probably between 10 and too millilamberts (25 photons). 


Comparison color. 0.603 M@ | 0.640 M | 0.575 M | 0.505 w | 0.475 M | 0.430 Mh 


TABLE 293.— Contrast or Photometric Sensibility. 


For the following table the eye was adapted to a field of 0.x millilambert and the sensitizing field flashed off. A 
neutral gray test spot (angular size at eye, 5 X 2.5°) the two halves of which had the contrast indicated (4 transparent, 
% covered with neutral screen of transparency = contrast indicated) was then observed and the brightness of the 
transparent part measured necessary to just perceive the contrast after the lapse of the various times. One eye only 
Son anes pupil. Blanchard, Physical Review, 11, p. 88, 1918. Values are log brightness of brighter field in 
mulluamberts. 


Time in seconds. 


TABLE 294. — Glare Sensibility. 


When an eye is adapted to a certain brightness and is then exposed suddenly to a much greater brightness, the 
latter may be called glaring if uncomfortable and instinctively avoided. Observers naturally differ widely. The data 
are the means of three observers, and are log brightnesses in millilamberts. The glare intensity may he taken as roughly 
See times the cube root of the field intensity in millilamberts. Angle of glare spot, 4°. Blanchard, Physical Review, 
oc. cit. 


Log. field. . | 
Log. glare.. if 


TABLE 295.— Rate of Adaptation of Sensibility. 


This table furnishes a measure of the rate of increase of sensibility after going from light into darkness, and the 
values were obtained immediately from the instant of turning off the sensitizing field. Both eyes were used, natural 
pupil, angular size of test spot, 4.9°, viewed at 35 cm, Blanchard, loc. cit. Retinal light persists only to to 20 m when 
one has been recently in darkness, then in a dimly lighted room; it persists fully an hour when a subject has been in 
bright sunlight for some time. A person who has worked much in the dark “gets his eyes” quicker than one who has 
not, but his final sensitiveness may be no greater. 


Logarithmic thresholds in millilamberts after 


Sensitizing 
field. 


2 sec. | 5 sec. |r0 sec. }20 sec. | 40 sec. |60 sec. in. |3omin. 


White, o. : : : 4.5 A.75 .96| —5.16] —5. .68] —5. 91 
E. ae : ; : .15|—4.51] —4.82 06 .52|—5.86 

Io. ; re 753 8 54 .94| —4.31 : : —5.83 

Ioo. E : ‘ ; .64 . 88] —3.20 , : —5.77 
Blue o. : 92] --4. . .27|—5.53| —5.68 3 
Green o. : A. ; : eee .26| —5.43 
Yellow o. : : ; ‘ .65 .78| —5.02 
Red oo. ; 2. 2. Bau +87 .65| —3.73 


SMITHSONIAN TABLES. 


258 TABLES 296-298. 
THE EYE AND RADIATION. 


TABLE 296. — Apparent Diameter of Pupil and Flux Density at Retina. 


Flashlight measures of the pupil (both eyes open) viewed through the eye lens and adapted to various field intensi- 
ties. For eye accommodated to 25 cm, ratio apparent to true pupil, 1.02, for the unaccommodated eye, 1.14. The 
pupil size varies considerably with the individual. It is greater with one eye closed; e.g., it was found to be for o.or 
millilambert, 6.7 and 7.2 mm; for 0.6 ml, 5.3 and 6.5; for 6.3 ml, 4.1 and 5.7; for 12.6 ml, 4.1 and 5.7 mm for both 
and one eye open respectively for a certain individual. At the extreme intensities the two values approach each other. 
The ratio of the extreme pupil openings is about ys, whereas the light intensities investigated vary over 1,000,000-fold. 


(Blanchard and Reeves, partly unpublished data.) 


Diameter, mm 


Field Effective Flux at retina, 
millilamberts. area, mm? lumens per mm? 


Observed. eta) 


8.96 
8.51 
28 
4.48 
2.35 


TABLE 297. — Relative Visibility of Radiation. 


This table gives the relation between luminous sensation (light) and radiant energy. The results of two methods 
are given: one from measures of the direct equality of brightness, which some consider the true method, as more direct, 
but criticized because of the difficulty of judging heterochromatic light (Hyde, Forsythe, Cady, A. J. 48, 87, 1918, 29 
observers); the other (Coblentz, Emerson, Bul. Bureau of Standards, 14, 219, 1917, 130 observers) depends on the 
disappearance of flicker when two lights of different color and intensity are alternated rapidly. Color has a lower 
critical frequency than brightness and disappears first. Data determined for intensities above Purkinje effect. See 
Table 290. Ratio of light unit (lumen) to energy unit (watt) at 0.554, 0.00162 (Ives, Coblentz, Kingsbury). 


Visibility. Visibility. Visibility. Visibility. Visibility. 


HEC | iCH HFC CE CE HFC 


.138 
- 216 
-328 


TABLE 298. — Miscellaneous Eye Data. 


Light passing to the retina traverses in succession (a) front surface of the cornea (curvature, 7.9 mm); (5) cornea 
(equivalent water path for energy absorption, .o6 cm); (c.) back surface corneaf(curv., 7.9 mm); (d) aqueous humour 
(equiv. H20, .34 cm, m = 1.337); (e) front surface lens (c, ro mm); (f) lens (equiv. H2O, .42 cm, m = 1.445); (g) back 
surface lens (c.,6 mm); () vitreous humour (equiv. H2O, 1.46 cm, m = 1.337). An equivalent simple lens has its 
principal point 2.34 mm behind (a), nodal point 0.48 mm in front of (g), posterior principal focus 22.73 mm behind 
(a), anterior principal focus 12.83 mm. in front of (a), curvature, 5.125 mm. At the rear surface of the retina (.I5 mm 
thick) are the rods (30 X 24) and cones (10 (6 outside fovea) us long). Rods are more numerous, 2 to 3 between 
2 cones, Over 3,000,000 cones ineye. Macula lutea, yellow spot, on temporal side, 4 mm from center of retina; long axis 
2mm. Central depression, fovea centralis, .3 mm diameter, 7000 cones alone present, 6 X 2 or 3m. In region of dis- 
tinct vision (fovea centralis) smallest angle at which two objects are seen separate is 50” to 70” = 3.65 to 5.14u at 
retina; 50 cones in room here; 4 between centers, 3 to cone, ru to interval. Distance apart for separation greater 
as depart from fovea. No vision in blind spot, nasal side, 2.5 mm from center of eye, 15 mm in diam. 

Persistence of vision as related to color (Allen, Phys. Rev. 11, 257, 1900) and intensity (Porter, Pr. Roy. Soc. 70, 
313, 1912) is measured by increasing speed of rotating sector until flicker disappears: for color, .4u, .031 sec.; .45u, 
+020 SEC.; .5M, O15 SeC.; .57M, .o12 sec.; .68u, .o14 sec.; .764, .or8 sec.; for intensity, .o6 meter-candle, .028 sec.; x mc, 
-020 sec.; 6 mC, .oT4 SeC.; TOO MC, .OTO sec; 142 MC., .007 Sec. 

Sensibility to small differences in color has two pronounced maxima (in yellow and green) and two slight ones 
(extreme blue, extreme red). The sensibility to small differences in intensity is nearly independent of the intensity 
(Fechner’s law) as indicated by the following data due to Kénig: 


; 
I/Io I,000,000 | 100,000 | 10,000 | r000 ; Io inmec 


CL /T, whites. ....0. .036 .or8 ,OES 4} y : : ‘ 3 . 00072 
.o16 ,020 | . : : ‘ . .0056 
.o18 sor) | *: i 3 04 5 5 . 00017 
_ VOLS: lay F é : 5 ; -OOOI2 
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PHOTOMETRIC DEFINITIONS AND UNITS, 


_Luminous flux, F = radiant power according to visibility, i.e., capacity to produce sensation 
of light. Unit, the /wmen = flux emitted in a unit solid angle (steradian) by point source of one 
candle power. 

Visibility, Ky, of radiation of wave-length \ = ratio luminous flux to radiant power (energy) 


producing it. Mean visibility, K,,, over any range of ) or for whole visible spectrum of any 
source = ratio total flux (lumens) to total radiant power (erg/sec. or watts). 

Luminous intensity, 7, of (approximate) point source = solid angle density of luminous flux 
in direction considered = dF/dw or F/w if intensity is uniform. w is the solid angle. Unit, 
the candle. 

Illumination on surface is the flux density on the surface = dF/dS or F/S when uniform. 
S is the area of the surface. Units, meter-candle, foot-candle, phot, lux. 

(Lux = one lumen per m?; phot = one lumen per cm?.) 

Brightness, b, of element of surface from a given point = dI/dS cos 0, where @ is the angle 
between normal to surface and line of sight. Unit, candles per cm’. Normal brightness, bo 
= dI/dS = brightness in direction normal to surface. Unit, the lambert. 

Specific luminous radiation, EZ’ = luminous flux density emitted by a surface, or the flux 
emitted per unit of emissive area, expressed in lumens per cm?. For surfaces obeying Lam- 
bert’s cosine law, EZ’ = bo. ’ 

The lambert, the cgs unit of brightness, is the brightness of a perfectly diffusing surface radiat- 
ing or reflecting one lumen per cm?. Equivalent to a perfectly diffusing surface with illumina- 
tion of one phot. A perfectly diffusing surface emitting one lumen per ft” has a brightness of 
1.076 millilamberts. Brightness in candles per cm? is reduced to lamberts by multiplying by 7. 


A uniform point source of one candle emits 47 lumens. 

One lumen is emitted by .07958 spherical candle power. 

One lumen emitted per ft? = 1.076 millilamberts (perfect ‘diffusion). 
One spherical candle power emits 12.57 lumens. 

One lux = 1 lumen incident per m? = .ooor phot = .1 milliphot. 

One phot = 1 lumen incident per cm? = 10,000 lux = 1000 milliphots. 
One milliphot = .oor phot = .g29 foot-candle- 

One foot-candle = 1 lumen incident per ft? = 1.076 milliphots = 10.76 lux. 
One lambert = 1 lumen emitted per cm? of a perfectly diffusing surface. 
One millilambert = .929 lumen emitted per ft? (perfect diffusion). 

One lambert = .3183 candle per cm? = 2.054 candles per in’. 

One candle per cm? = 3.1416 lamberts. 

One candle per in? = .4968 lambert = 486.8 millilamberts. 


Adapted from 1916 Report of Committee on Nomenclature and Standards of Illuminating 
Engineering Society. See Tr., Vol. 11, 1916. 
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TABLE 300. — Photometric Standards. 


No primary photometric standard has been generally adopted by the various governments. In 
Germany the Hertner lamp is most used; in England the Pentane lamp and sperm candles are 
used; in France the Carcel lamp is preferred; in America the Pentane and Hefner lamps are used 
to some extent, but candles are more largely employed in gas photometry. For the photometry 
of electric lamps, and generally in accurate photometric work, electric lamps, standardized at a 
national standardizing institution, are commonly employed. ; 

The “ International candle” is the name recently employed to designate the value of the candle 
as maintained by codperative effort between the national laboratories of England, France, and 
America; and the value of various photometric units in terms of this international candle is given 
in the following table (taken from Circular No. 15 of the Bureau of Standards). 


1 International Candle =1 Pentane Candle. 
1 International Candle = 1 Bougie Decimale. 
1 International Candle =1 American Candle. 
1 International Candle =1.11 Hefner Unit. 
t International Candle = 0.104 Carcel Unit. 


Therefore 1 Hefner Unit = 0.90 International Candle. 
The values of the flame standards most commonly used are as follows: 


1. Standard Pentane Lamp, burning pentane . .. . . . 10.0 candles. 
2. Standard Hefner Lamp, burning amyl acetate. . . . . 0.9 candles. 
3. Standard Carcel Lamp, burning colzaoil. .- . . . +. - 96 candles. 
4. Standard English Sperm Candle, approximately . . . . 1.0 candles. 


TABLE 301. —Intrinsic Brightness of Various Light Sources. 


National Electric 
Barrows. Ives & Luckiesh. Lamp 
Association. 


C. P. per Sq. In. C. P. per 8q. In. | C. P. per Sq. C. P. per Sq. In. 
of surtace of surface Mm. of sur- of surface 
of light. of light. face of light. of light. 


Sun at Zenith . 5 ; 3 : 600,000 600,000 
Crater, carbon arc . 3 5 2 200,000 84,000 . 200,000 
Open carbon arc 5 . *| 10,000~50,000 = 10,000-50,000 
Flaming arc. . 6 é . 5,000 : = 5,000 
Magnetite arc . : : . : = 4,000 = 
Nernst Glower : 800-1 000 (115v.6 amp. d.c.) 3,010 E ‘| (1.5 w.p.c.) 2,200 
Tungsten incandescent, 1. 15 w. De (or = = 1,000 
Tungsten incandescent, 1,25 W. p. C: 1,000 1,000 : 875 
Tantalum incandescent, 2.0 w. p. ¢. 75° 580 : 75° 
Graphitized carbon filament, 2.5 
W.p.c. - 3 a 5 A < 625 750 iz 625 
Carbon incandescent, 3.1 w. p.c. . 480 485 ‘ 480 
Carbon incandescent, 3.5 w. p.c. . 375 400 
Carbon incandescent, 4.0 w. p.c. . 300 325 
Inclosed carbon are (d. c.) : : 100-500 - 
Inclosed carbon arc (a. c.) : 
Acetylene flame (1 ft. burner) . 
Acetylene flame (34 ft. pareey 
Welsbach mantle 
Welsbach (mesh) 
Cooper Hewitt mercury bats Jamp 
Kerosene flame ° 
Candle flame . 
Gas flame (fish tail) . 
Frosted incandescent lamp 
Moore carbon-dioxide tube lamp 


Taken from Data, 1911. 
TABLE 302,—Visibility of White Lights. 


Candle Power. 


Range. 


1 sea-mile = 1855 meters 
“ “ce 


2 


' 1 Paterson and Dudding. 2 Deutsche Seewarte. 
1 micro-calorie through 1 cm, at 1 m.=o0.034 sperm candle= 0.038 Hefner unit (n i = 
unit (diap. 14 X 50mm.). Coblentz Bul. B. of S., 11, p. 87, 1914, aie ino diaphee 0 oa 
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~BRIGHTNESS OF BLACK BODY. CROVA WAVE-LENGTH, MECHANICAL EQUIVALENT 
OF LIGHT, LUMINOUS INTENSITY AND EFFICIENCY OF BLACK BODY. 


The values of ZL, the luminous intensity, are given in light watts/steroradian/cm? of - radiating surface 


= (1/7) ye a V) Ey ar, where V) is the visibility of radiation function. 


__, Mechanical equivalent. The unit of power is the watt; of lumininous flux, the lumen. The ratio of these two quan- 
tities for light of maximum visibility, \ = 0.556 44, is the stimulus coetficient Vm; its reciprocal is the (least) mechanical 
equivalent of light, i-e., least since applicable to radiation of maximum visibility. A better term is ‘luminous equiva- 
lent of radiation of maximum visibility.” One lumen =o0.00r406 watts (Hyde, Forsythe, Cady); or 1 watt of radia- 
tion of maximum visibility (A = 0.556 u) = 668 lumens. ‘ ‘ 

White light has sometimes bee: defined as that emitted by a black body at 6000° K. 
The Crova wave-length for a black body is that wave-length, A, at which the luminous intensity varies by the 
same fractional part that the total luminous intensity varies for the same change in temperature. 


ABLE 303. — Bri - 
Syaterk oe Bree aecas Crores TABLE 304.— Luminous, Total Intensity and 


Equivalent of Light.* Radiant Luminous Efficiency of Black Body.* 


Bright- Crova Mech. 

ness, wave- equiv. 
candles length, watts 
per cm? i per /. 


Radiant 
Total intensity | luminous 
oo T* watt/cm? | efficiency. 


Luminous 
intensity 
L watt/cm? 


T, degrees 
absolute. 


584 .001478 
583 ae 
582 -OOT4QI 
58r _ 
580 .001 498 
579 = 
578 .001 498 
$77 a 
576 - 001497 
576 = 


702 

189 

5ESI 2G LO. 
-905 X Io 
-365 X I0 
903 X IO 
-529 X 10 
250 X 10 
-077 X 10 
.020 X 10 
LOO7) aro! 
P20r G20) 
-470 X 10? 
.645 X 102 
.134 X 108 
H35E 2 10> 
7350, Lor 
-432 X 108 
.814 X tot 


234 XX LO 
-45 X 10% 
46 X 10°83 
88 X 102 
.85 X I02 
34% to? 


. 001496 


Be 
6 
a3 
AS 
2 
aie 
"3 
.o 
apo 
a 
6 


. 001497 


. 001407 


.OO1502 


BRO DWHWE H COMW NY HAW H COW 
HN BP NH HOM OANB WH HHHHD 


.OOI5II 


000000000000009090000 


COTO O GOn AUER Che .001496 


* Hyde, Forsythe, Cady, Phys. Rev. 13, p. 45, * Coblentz, Emerson, Bul. Bureau of Standards, 14, p. 255, 
IgIQ. 1917. 


Nore. — Minimum energy necessary to produce the sensation of light: Ives, 38 X 1074; Russell, 7.7 X 1071; 
Reeves, 19.5 X 10719; Buisson, 12.6 X 107!” erg. sec. (Buisson, J. de Phys. 7, 68, 1917.) 


TABLE 305. — Color of Light Emitted by Various Sources.* 


Color, Color, 
Source. per cent] Hue. Source. per cent} Hue. 
. white. 


Sunlight 45 
Average clear sky i 53 
Standard candle 3 5 Mercury vapor arc 7° 
Hefner lamp Helium tube 32 
Pentane lamp Neon tube 6 
Tungsten glow lamp, 1.25 wpc..... Crater of carbon arc, 1.8 amp...... 590 
Carbon low lamp, 3.8 wpc........ Crater of carbon arc, 3.2 amp 62 
Nernst glower, 1.50 wpc Crater of carbon arc, 5.0 amp 67 
N-filled tungsten, 1.00 wpc Acetylene flame (flat) 36 


* Jones, L. A., Trans. Ill, Eng. Soc., Vol. 9 (1914). 
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TaBLeE 306, : 
EFFICIENCY OF VARIOUS ELECTRIC LIGHTS. 


Bryant and Hake, Eng. Exp. Station, 
Univ. of Ill. 


Terminal 


Amperes.| “watts 


« 


Kw-hours 
for 100,000 
Lumen- 
hours. 


Total cost 
per 100,000 
Lumen-hours 

at 10 cts. 
per Kw-hour. 


Regenerative d.-c., series arc 
Regenerative d.-c., multiple arc 
Magnetite d.-c., series arc 

Flame arc, d.-c., inclined electrodes 
Mercury arc, d.-c., multiple 

Flame arc, d.-c., inclined electrodes 
Flame arc, d.-c., vertical electrodes 
Luminous arc, d.-c., multiple 

Open arc, d.-c., series 

Magnetite arc, d.-c., series 

Flame arc, a.-c., vertical electrodes 
Flame arc, a.-c., inclined electrodes 
Open arc, d.-c., series 

Tungsten series 

Flame arc, a.-c., inclined electrodes 
Inclosed arc, d.-c., Series 
Luminous arc, d.-c., multiple 
Tungsten, multiple 

Nernst, a.-c., 3-glower 

Nernst, d.-c., 3-glower 

Inclosed arc, a.-c., series 

Inclosed arc, a.-c., series 
Tantalum, d.-c., multiple 
Tantalum, a.-c., multiple 

Carbon, 3.1 w. p. c., multiple 
Carbon, 3.5 w. p. C., series 

Carbon, 3.5 w. p. c., multiple 
TInclosed arc, d.-c., multiple 
Inclosed arc, d.-c., multiple 
Inclosed arc, a.-c., multiple 
Inclosed arc, a.-c., multiple 


385 
605 


PON ORI OVON ON OTP NS OMS CO OPN 
DADAHROCOOARDOONO OH 


Ives, Phys. Rev., V, p. 390, 1915 
(see also VI, p. 332, 1915); computed 
assuming I lumen = 0.00159 watt. 


Open flame gas burner 
Petroleum lamp 

Acetylene 

Incandescent gas (low pressure) 
Incandescent gas (high pressure) 
Nernst lamp 

Moore nitrogen vacuum tube 
Carbon incandescent (treated filament) 
Tungsten incandescent (vacuum) 
Carbon, arc, open arc 

Mazda, type C 

Mazda, type C 

Magnetite arc, series 

Glass mercury arc 

Quartz mercury arc 

Enclosed white flame carbon are 


“ “ “ “ ““ 


Open arc inclined 
“b 


ve “ce “ec “ec 


Enclosed yellow flame carbon are 
a “a 


6“ 6 “ 


Open arc, “ , inclined 
“ 


“ ““ “cc 


Commercial Rating 


Bray 6 high pressure 


1.0 liters per hour 


-350 lumens per B. t. u. per hr. 
.575 lumens per B, t. u. per hr, 


220-v. 60-cycle, 113 ft. 
4-watts per mean hor. C. P. 
1.25 watts per hor. C. P. 
9.6 amp. clear globe 
500-watt multiple .7 w. p. c. 
600 C. P. -20 amp. :5 w. p. c. 
6.6 amp. direct current 
40-70 volt; 3.5 amperes 
174-197 volt; 4.2 amperes 
Io ampere, A. C. 

6.5 ampere, D. C, 

10 ampere, A. C, 

1o ampere, D. C. 

Io ampere, A. C. 

6.5 ampere, D. C. 

Io ampere, A. C. 

10 ampere, D. C. 


Luminous 


| Watts Flux 
| + Watts In- 


put or True 
Efficiency. 


(o) 
os Mons) 


eke ONY HOU HONG NH ¢ 
f a~ Dn © HAkvwiwmOnNaAKDHD 
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NaARRN 
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PHOTOGRAPHIC DATA. 
TABLE 307.— Numerical Constants Characteristic of Photographic Plates. 


Mba ees 

Abscissae of figure are log E = log Jt (meter- JZ al 
candles-seconds); 

Ordinates are densities, D = 1/T ; 

E& =exposure =J (illumination in meter-can- 
dles) X ¢ seconds; 

D, the density of deposit = 1/7, where T is the 
ratio of the transmitted to incident intensity on de- 
veloped plate. 

i = inertia = intercept straight line portion of 
curve on log & axis. 

S = speed = (some constant)/i; y= gamma= 
tangent of angle a. 

L = latitude= projected straight line portion of 
characteristic curve on log E axis, expressed in ex- 
posure units = Anti log (6 — a). 

The curve illustrates the characteristic curve of a 
photographic plate. 


Typical CHARACTERISTIC CURVE OF PHOTOGRAPHIC PLATE. 


TABLE 308. — Relative Speeds of Photographic Materials. 


__ The approximate exposure may be obtained when the intensity of the image on the plate is known. Let L be the 
intensity in meter-candles; #, the exposure in seconds; P, the speed number from the following table; then E = 
1,350,000/(L X P) approximately. 


Relative 
speed. 


Plate. 


Extremely high speed Bast. bromide sc. iae veces. 
High speed Slow enlarging 

Medium speed 
Rapid high contrast Rapid gas-light, soft grade 

Medium speed high contrast Rapid gas-light, medium contrasty..... 
Process, slow contrast Rapid gas-light, contrasty 

Lantern plate Professiona 


TABLE 309. — Variation of Resolving Power with Plate and Developer. 


The resolving power is expressed as the number of lines per millimeter which is just resolvable, the lines being 
opaque and separated by spaces of the same width. The developer used for the comparison of plates was Pyro-soda; 
the plate for the comparison of developers, Seed Lantern. The numbers are all in the same units. Huse, J. Opt. Soc. 
America, July, 1917. 


Plate. Albumen. | Resolution. Process. Lantern. Modu High speed. 
i speed. 
Resolving power 81 67 62 35 27 


Resolving Resolving 


power. 


Resolving 


Developer. 
power. 


Developer. Developer. 


Pyro-caustic Pyrocatechin 

Glycin Pyro-metol 
Hydroquinone.... Eikon.-hydroquinone . . 
Ferrous oxalate....... 
Caustic hydroquinone. . s X-ray powders 
Eikonogen Edinol 
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TABLES 310-311. 


PHOTOGRAPHIC DATA. 
TABLE 310. — Photographic Efficiencies of Various Lights. 


Source. 


Mercury arc, quartz 

On <P Nultra” glass...) 
Grows lassen. eee 
Carbon arc, ordinary 


“ 


white flame 
enclosed 
Carbon arc, ‘‘Artisto” 
Magnetite arc 
Carbon glow-lamp 
Carbon glow-lamp 
Tungsten vacuum lamp 
ie vacuum lamp 
nitrogen lamp 
nitrogen lamp 
blue bulb 
blue bulb 
Mercury arc (Cooper Hewitt)... . 


“ “ 


Visual 
efficiency. 
Lumens 
per 

watt. 


150 


Photographic efficiency. 


(a) 


(0) 


Ordinary Ortho- 


plate. plate. 


chromatic | chromatic 


Pan- Ortho- 


Ordinary 
plate. 


plate. plate. 


Pan- 


chromatic |chromatic 


plate. 


fon 


OHO ARO OHS 


(a) Relative efficiencies based on equal illumination. 
(b) Relative efficiencies based on equal energy density. 
Taken from Jones, Hodgson, Huse, Tr. Ill. Eng. Soc. 10, p. 963, rors. 
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NUN OANHOO 
on 
PWN AWW OO 


NUH WOO 


TABLE 311.— Relative Intensification of Various Intensifiers. 


Bleaching solution. 


Mercuric bromide 
Mercuric chloride 


Potassium 
chloric acid 
Mercuric iodide 
Lead ferricyanide 
Uranium formula 
Potassium permanganate + hydro- 
chloric acid ’ 
Cupric chloride 
Potassium ferricyanide + potassium 
bromide 


bichromate + hydro- 


Blackening solution. 


Amidol developer 


Ammonia 


Amidol developer 
Schlippe’s salt 
Sodium sulphide 


Sodium stannate 
Sodium stannate 


Sodium sulphide 
Paraminophenol developer 


Reference 


Tntensi- 
fication. 


HgBr: solution (Monckhoven 
sol. A).* 

Bleach according to Ben- 
nett; blackener.* 


Piper. * 

Debenham, B. J., ¢ p. 186, ’r7. 
B. J. Almanac.* 

B. J. Almanac. * 


Desalme, B. J.,} p. 215, ’r2. 


Ordinary sepia developer. 
Hgle according to Bennett. 


See Nietz and Huse, J. Franklin Inst. March 3, ro18. * 
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. Almanac, see annual Almanac of British Journal of Photography. 
. J. refers to British Journal of Photography. 


TABLE 312, 205 
WAVE-LENGTHS OF FRAUNHOFER LINES. 


For convenience of reference the values of the wave-lengths corresponding to the Fraunhofer 
lines usually designated by the letters in the column headed “index letters,” are here tabulated 
separately. The values are in ten millionths of a millimeter, on the supposition that the D line 
eer is §896.155. The table is for the most part taken from Rowland’s table of standard wave- 

engths. 


Wave-length in 


Wave-length in 
centimeters X 103. 


centimeters X 108 Index Letter. Line due to— 


Index Letter. Line due to — 


7621.28* Fe 4308.08 1 
7594.00* Ca 4307-907 
7164.725 CA 4226.904 
6870.182 t 4102,000 
6563.045 3968.625 
6278.303 } 3933-825 
5896.155 3820. 586 


5890.186 3727-778 


587 5.985 3581-349 
5270.558 3441.155 
5270.438 3361.327 
5269-723 3286.898 
5183-791 ; 3181.387 
5172.856 3179-453 
5169.220 3100.787 
5 169.069 3100.430 
5 167.678 3100.046 
5167.497 3047-725 
4861.527 3020.76 

4383-721 2994-53 

4340-634 2947.99 


4325-939 


* The two lines here given for A are stated by Rowland to be: the first, a line “ beginning at the 
head of A, outside edge’’; the second,.a “‘ single line beginning at the tail of A.” 
+ The principal line in the head of B. 


+ Chief line in the a group. , 
See Table 321, Rowland’s Solar Wave-lengths (foot of page) for correction to reduce these values 


te standard system of wave-lengths, Table 314. 
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TasBLes 313-316. 


STANDARD WAVE-LENGTHS. 
TABLE 313,—Absolute Wave-length * of Red Cadmium Line in Air, 760 mm, 


266 © 


Pressure, 15° C. 


6438.4722 Michelson, Travaux et Mém. du Bur. intern. des Poids et Mesures, 11, 1895. 
6438.4700 Michelson, corrected by Benoit, Fabry, Perot, C. R. 144, 1082, 1907. 
6438.4696 (accepted primary standard) Benoit, Fabry, Perot, C. R. 144, 1082, 1907. 


* In Angstréms. 10 Angstroms = 1 wy. = 10-6 mm. 


TABLE 314.—International Secondary Standards. iron Arc Lines in Angstréms. 


Adopted as secondary standards at the International Union for Codperation in Solar Research 
(transactions, 1910). Means of measures of Fabry-Buisson (1), Pfund (2),and Eversheim (3). Re- 
ferred to primary standard — Cd. line, A = 6438.4696 Angstroms (serving to define an Angstrom). 
760 mm., 15°C. Iron rods, 7 mm, diam, length of arc, 6 mm.; 6 amp. for A greater than 4000 
Angstroms, 4 amp. for lesser wave-lengths; continuous current, + pole above the —, 220 volts; 
source of light, 2 mm. at arc’s center. Lines adopted in 1910. : 


Wave-length. | Wave-length. Wave-length. 


° | | 
Wave-length. | Wave-length. | Wave-length. | Wave-length. 


6230.734 
6265-145 
6318.028 
6335-341 
6393.612 
6430.859 
6494-993 


4282.408 
4315.089 
4375-934 
4427.314 
4466.5 56 
4494.572 
4531-155 


5405-780 
5434-527 
5455-014 
5497-522 
5506.784 
5569.633 
5586.772 


508 3.344 
SIIO.415 
5167.492 
uae 
eee 569 
5371-495 


4789.657 
4878.225 
4903-325 
4919.007 
5001.881 
5012.073 
5049.827 


4547.853 
4592.658 
4002.947 
4047-439 
4691.417° 
4707.288 
47 36.786 


5615.661 | 
2658'836 
5763.013 
6027.059 
6065.492 
6137.701 
6191.568 


TABLE 315.—International Secondary Standards. Iron Are Lines in Angstréms. 
Adopted in 1913. (4), Means of measures of Fabry-Buisson, Pfund, Burns and Eversheim. 


Wave-length. | Wave-length. | Wave-length. | Wave-length. | Wave-length. | Wave-length. | Wave-length. 


3606.682 
3640.392 
3676.313 
3677.629 
3724.380 


6750.250 
5857-759 Ni 
5892.882 Ni 


4233-615 
5709-396 
6546.250 
6592.928 
6678.004 


4076.642 
4118.552 
4134-085 
4147.676 
4191.443 


3906.482 
3997-937 
3935-818 


3977-746 
4021.872 


3753-615 
3805. 346 
3843.261 
3850.820 
3865.527 


3379-789 
3399-337 
3485-345 
3513.521 
3550.881 


(1) Astrophysical Journal, 28, p. 169, 1908; (2) Ditto, 28, p. 197, 1908; (3) Annalen der Physik, 30, 
p. 815, 1909. See also Eversheim, d2@. 36, p, 1073, 1911 ; Buisson et Fabry, ssa. 38, p. 245, 19123 
4) Astrophysical Journal, 39, p, 93, 1914, 


TABLE 316.—Neon Wave-Lengths, 


In- Wave In- Wave In- Wave In- Wave In- Wave 
tensity.| length. j|tensity.) length. |tensity.| length. |tensity.| length. |tensity.] length. 
5 | 3369.904 5 | 3515.192 2 | 5820.155 4 | 6217.280 5 |6717.043 
6 | 3417.906 8 | 3520.474 | 10 | 5852.488 @ | 6266.495 8 |60929.468 
6 | 3447.705 | 4 | 3503-526; 6 | 5881.895| 4 |6304.789| 3 |7024.049 
6 | 3454.197| 4 | 3503-634; 8 | 5044.834| 8 | 6334.428| 9 1|7032.413 
5° /°3460.526) 5 | 3600.170; 4 | 5075.534| 8 |6382.991) 8 |7059.111 
ta 
4 | 3464.340|; 5 | 3633.664| 4 | 6929.997| 10 |6402.245| 5 |4173. 
5 | 3466.581 | 8 | 5330.779 | 7 | 6974.338 9 | 6506.528 8 Shad a 
6 | 3472.578| 7 | 5341.0096 8 | 6096.163 4 | 6532.883 6 |7438.902 
4 | 3498.067 6 | 5400.562 9 | 6143.062 5 | 6508.953 5 |7488.885 
4 | 3501.218| 4 | 5764.419| 5 | 61603.594] 8 |6678.276| “5 |7535.784 


TE 3 jai 
International Units (Angstréms). Burns, Meggers, Merrill, Bull. Bur. Stds. 14, 765, 1918. 
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TABLE 317. 207 
TERTIARY STANDARD WAVE-LENGTHS. !RON ARC LINES. 


For are conditions see Table 314, p. 266. For lines of group c class 5 for best 
results the slit should be at right angles to the arc at its middle point and the current 
should be reversed several times during the exposure. 


Inten- 
Sitvaum| 


Inten- 
sity. 


Wave-lengths. | Class. ; Wave-lengths. 


Wave-lengths. 


*2781.840 
*2806.98 5 
*2831.5 
#280837 
*2901.382 
*2926.584 
*2986.460 
*3000.4.53 
*3053.070 
*3100.838 
*31 54.202 
*3217.389 
95732003 
3307-238 
*3347.932 
*3389.748 
*3470.705 
*3506.502 
*3553-741 
*3017.789 5079-743 
*3659.521 5098.702 
*3705.567 . 5123-729 
*3749-487 5127.366 
e430 5150.546 
359-913 551.917 
3922.917 5194-950 
*3956.682 5 202.341 
*4009.718 5216.279 
*4062.451 5227.191 
14132.063 | 5242-495 
1417 5.639 | 5270.356 
14202.031 5328.043 
14250.791 5328.537 


4337-052 
4369-777 
4415.128 
4443.198 
4401.655 
4489.746 
4528.620 
4619.297 
4786.811 
4871.331 
4890.769 
4924.773 
4939.68 5 
AO73:213 
4994.133 
5041.076 
5041.760 
5051.041 
5079-227 


5382909 
5341.032 
5365.404 
5.405.780 
5434.528 
5473-913 
5497-521 
5501-471 
5506.784 
$5535-419 
5503-612 
5975-352 
6027.059 
6065-495 
61 36.624 
6157.734 
6165.370 
6173.345 
6200.323 
6213.441 
6219.290 
6252.507 
6254.269 
6265.145 
6297.802 
6335-342 
6430.859 
6494.992 


Loo 
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* Measures of Burns. t Means of St. John and Burns. 

+ Means of St. John and Goos. Others are means of measures by all three. References: St. John and Ware, 
Astrophysical Journal, 36, 19123 38, 1913; Burns, Z. f. wissen. Photog. 12, p. 207, 1913, J. de Phys. 1913, and unpub- 
lished data; Goos, Astrophysical Journal, 35, 1912; 37, 1913. ‘The lines in the table have been selected from the 
many given in these references with a view to equal distribution and where possible of classes a and 4, 


For class and pressure shifts see Gale and Adams, Astrophysical Journal, 35, p. 10, 1912. 
Class a: “This involves the well-known flame lines (de Watteville, Phil. Trans. A 204, p. 139. 
1904), i.e. the lines relatively strengthened in low-temperature sources, such as the flame of the arc, 
the low-current arc, and the electric furnace. (Astrophysical Journal, 24, p. 185, 1906, 30, p. 86, 
1909, 34, P- 37; I9TI, 35, p- 185, 1912.) The lines of this group in the yellow-green show small but 
definite pressure displacements, the mean being 0.0036 Angstrom per atmosphere in the arc.” 

- Class 6: “To this group many lines belong; in fact all the lines of moderate displacement under 
pressure are assigned to it for the present. These are bright and symmetrically widened under 
pressure, and show mean pressure displacements of 0.009 Angstrom per atmosphere for the lines 
in the region A 5975-6678 according to Gale and Adams. Group contains lines showing much 
larger displacements. The numbers in the class column have the following meaning: 1, sym- 
metrically reversed ; 2, unsymmetrically reversed ; 3, remain bright and fairly narrow under pres- 
sure; 4, remain bright and symmetrical under pressure but become wide and diffuse; 5, remain 
bright and are widened very unsymmetrically toward the red under pressure.” 

For further measures in International units see Kayser, Bericht tiber den gegenwartigen 
Stand der Wellenlangenmessungen, International Union for Cooperation in Solar Research, 1913, 
For further spectroscopic data see Kayser’s Handbuch der Spectroscopie. 
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268 TABLE 318. 
REDUCTION OF WAVE-LENGTH MEASURES TO STANDARD CONDITIONS. 


The international wave-length standards are measured in dry air at 15° C, 76 cm pressure. Density variations of 
the air appreciably affect the absolute wave-lengths when obtained at other temperatures and pressures. The follow- 
ing tables give the corrections for reducing measures to standard conditions, viz.: 6 = Ao(m — mo’) (d — do)/do in 
ten-thousandths of an Angstrom, when the temperature ¢° C, the pressure B in cm of Hg, and the wave-length X in 
Angstroms are given; and d are the indices of refraction and densities, respectively; the subscript o refers to standard 
conditions, none, to the observed; the prime’ to the standard wave-length, none, to the new wave-length. The tables 
were constructed for the correction of wave-length measures in terms of the fundamental standard 6438.4696 A of the 
cadmium red radiation in dry air, 15°C, 76 cm pressure. The density factor is, therefore, zero for 15° C and 
76 cm, and the correction always zero for \ = 6438 A. As an example, find the correction required for A when meas- 
ured as 3000.0000 A in air at 25° Cand 72 cm. Section (a) of table gives (d — do)/do = —.085 and for this value of 
the density factor section (b) gives the correction to \ of —.0038 A. Again, if A, under the same atmospheric condi- 
tions, is measured as 8000.0000 A in terms of a standard / of wave-length 4000.000 A, say, the measurement will 
require a correction of (0.0020 + 0.0008) = +.0028 A. Taken from Meggers and Peters, Bulletin Bureau of Stand- 


ards, 14, p. 728, 1918. 


TABLE 318 (a).— 1000 x (d—do)/do. 


TABLE 318 (b).— 6 = do(M—Mo’) (d— do) /do, in Ten-thousandth Angstroms. 


Wave-lengths in Angstroms. 


3009 | 3500 | 4090 | 4500 | 5000 | 5500 | 6000 |6500 | 7000 |7500 


Corrections in ten-thousandth Angstroms. 


—18 
—17 
—15 
=A 


—13 
=€2 
= Lo. 
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TABLE 319. 269 
SPECTRA OF THE ELEMENTS. 
The following figure gives graphically the positions of some of the more prominent lines in the spectra of some of 


the elements. Flame spectra are indicated by lines in the lower parts of the panels, arc spectra in the upper parts, and 
spark spectra by dotted lines. 


t) 
1 


The following wave-lengths are in Angstroms. 


5889.0965 4202 
5895 ..932 4216 
4044 5648 
4047 5724 
5802 6207 
7668 6209 
7702 5352 
4132 4102 
4602 4511 
6104 4046. 
6707. 4078. 
4555 4358. 
: 4593 4916. 


5664 4059. 

5045 5460. 742* 

6011 5769. 598* Zn 
6213 5790.659* 

6724 6152 

6974 6232 


For other elements, see Kayser’s Handbuch der 


Spectroscopie. , 
* Fabry and Perot. + Merrill. 
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Table of brighter lines only abridged from more extensive table compiled from Kayser and containing 10,000 lines 


TABLE 320. 
SPECTRUM LINES OF THE ELEMENTS. 


(Kayser’s Handbuch der Spectroscopie, Vol. 6, 1912). 


Mose Intensities. 
inter- | Ele- 
ne Fiona ment. 
oe 4 
Pores Arc. |Spark.|Tube. 
3802.98 | Nb 15 — 
{08.21 | I —_— te Io 
10.73 | Nh Io 20 —_ 
4.45 hoRa 20 20 — 
19.65 | Eu 20 20 — 
ALY cose | Are 12 I5 == 
28:47 | Rh 12 Io _— 
290.35 | Mg | 15 8 _ 
32.30 | Mg 20 Io —_ 
36003) |) Ze —_— a — 
38.209 || S —_— 8 Io 
38.29 | Mg 20 Io — 
45.45. || Co Io o — 
47.055) (Emi) a5 Io — 
48.75 | Tb) || 15 15 = 
5x02 |, ‘Cl —_— oe Io 
56.50 | Rh Io I2 = 
58.29 | Ni 20 8 — 
60.86 | Cl —_ 5 Io 
64.11 | Mo 20 Io a 
71.65 | La 8 15 = 
73.07 | Co Io 12 — 
74.106 |, ‘Tb I5 15 —_ 
76.66 4 Lu 5 Io | — 
88.64 | He — = Io 
88.96 | Nh nut Io — 
91.01 | Nh | 20 15 — 
94.09 | Co Io rs — 
94.22 | Pd 15 15 — 
96.36 | Er I5 (0) —_ 
07.63. | I } — — Io 
3900.53 | Ti 15 Io — 
02.95 | Mo I5 8 — 
05.5 Si is 4 =] 
06.34 | Er 15 Io — 
o7.14 ||, Bu 30 20 — 
Oyose || SC 1) 6 =— 
rosie oc I5 6 —_ 
14.26 | Br — _ Io 
i. £4.94 |) Sc I2 = ae. 
22.52 axe = _ Io 
25.43 | Tb I5 Io — 
30.51) || Eu 50 50 — 
Ki stoye || al — a Io 
a3 O7 Ca) 40 50 — 
60-550 eb 15 IO — 
40.07 | I —}]— to 
40.47 | Rb —_— 15 — 
44.68 | Dy I2 Io — 
45.33 | O Ph | Bie) 
AGnO” || ta, I2 20 — 
5O.135 | Vi I2 12 — 
BEJor | XX —_— —_ Io 
Bo Ob wl Vi —= 5 — 
58.122 || Zr 8 rs.% — 
58.66 | Pd I5 Io — 
58.85 | Rh 15 I2 — 
66.23 | Nb 12 — — 
67.59 | X = |e 10 
3968.40 | Dy 15 I2 — 


Wave- 
lengths, 
inter- | Ele- 
national |ment. 
Ang- 
stroms. 
3968.48 | Ca 
72.01 | Eu 
74.7% | Er 
76.85 | Tb 
80.43 | Br 
81.68 | Em 
81.89 | Tb 
* 82.60 | Y¥ 
88.00 | Ny 
88.52 | La 
(pay! || 7Ae 
98.96 | Zr 
4000.47 | Dy 
05.50°| Tb 
05.73 | V 
OG. 730) PF 
19.02) Pb 
22.70] Cu 
PR ies || WU 
23.72 | Se 
25.1 F 
30.80 | Mn 
Be w7Oul a, 
33.03 | Ga 
33.06 | Mn 
34.48 | Mn 
35.02 | Vi 
41.43 | Mn 
2.92 La 
44.15 | K 
45-45 | Nh 
45.82 | Fe 
46.00 | Dy 
46.6 Se 
47.21 | K 
48.73 | Mn 
55-53 | Ag 
57.04 | Pb 
58.07 | Nb 
62.754 Cu 
62.83 | Pr 
3.47 | Gd 
77-34 | La 
ORI | Se 
TEMS SE 
77.97 | Dy 
78.79 | X 
79.73 | Nb 
80.62 | Ra 
86.70) La 
2.68} V 
99.80 | V 
4100.74 | Pr 
00.97 | Nb 
o1r.82 | In 
02.40 | Y 
03.4 F 
09.78 | V 
TE 8001 VW 
4112.03 | Os 


Intensities. 
Arc. |Spark.|Tube. 
mire | 
30 40 — 
20 20 — 
15 5 = 
20 Io — 
— —_— 10 
=_— = 5 
ES Io — 
12 12 — 
50 20 —_ 
10 15 — 
8 r2'} — 
8 re — 
THs) 12 — 
I5 Io —_— 
aes 20 _ 
x2 8 = 
12 10 — 
I5 Io _ 
—— 20 — 
I2 8 = 
= —— Io 
18 8 — 
8 I5 — 
Io 30 — 
I5 8 — 
I5 8 — 
= 20 = 
ig) 8 —— 
8 zS — 
20 Io a 
20 Io — 
6 15 = 
12 4 — 
a 4 Io 
20 Io = 
II 6 — 
50 6 — 
30 20 — 
15 Io — 
15 Io — 
I2 8 = 
20 a — 
10 12 = 
15 5 = 
50 50 — 
12 II — |} 
= = Io | 
15 6 = 
2 Io = 
TON liazS — 
rs — — 
20 == —— 
I5 I2 —_— 
20 6 —_ 
20 I2 ager 
I2 8 —_ 
—— _ Io 
I5 Io | 
20 —_ —_ 
12 4 — 
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TABLE 320 (continued). ohyiaN 
SPECTRUM LINES OF THE ELEMENTS. 


Wave- . ‘ Wave- . F 

lengths, Intensity. lensths, Intensity. Intensity. 
inter- inter- | Ele- 

national : national |ment. 
Ang- ng- 

stroms. . |Spark./Tube,| stroms. Are |Spark.|Tube,, : . |Spark.|Tube. 


\ 
| 
——— |__| _s 


-77 
81.17 
“43 
.76 
Beas) 
+59 
+74 
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Notr. — This table, somewhat unsatisfactory in its abridged form, is included with the hope to occupy its space 
later with a better table; e.g., no mercury lines appear since the scale of intensity used in the original table results 
in the intensity of all mercury lines falling below the critical value used in this table. 
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272 TABLE 321. 
STANDARD SOLAR WAVE-LENGTHS. ROWLAND’S VALUES. 


° si 

Wave-lengths are in Angstrém units (1077 mm.), in air at 20° C and 76 cm. of mercury pressure. — 
The intensities run from 1, just clearly visible on the map, to rooo for the H and K lines; below 
1 in order of faintness to 0000 as the lines are more and more difficult to see. This table contains 
only the lines above 5. 

N indicates a line not clearly defined, probably an undissolved multiple line; s, a faded appear- 
ing line; d,a double. In the “substance” column, where two or more elements are given, the 
line is compound; the order in which they are given indicates the portion of the line due to each 
element ; when the solar line is too strong to be due wholly to the element given, it is represented, 
-Fe, for example; when commas separate the elements instead of a dash, the metallic lines coin- 
cide with the same part of the solar line, Fe, Cr, for example. 

Capital letters next the wave-length numbers are the ordinary designations of the lines. A indi- 
cates atrnospheric lines, (wv), due to water vapor, (O), due to Oxygen. 


MES Ss Substance. ies Wave-length. | Substance. ee fed ees) 


length. 


3037-510s | Fe 3372-947 Ti-Pd ? Hl 3533-345 | Fe 
3047-7258 Fe 3380.7 22 Ni | 3530:709 | = He 
3053-5308 i 3414.91 Ni 3541-237 He 
3054.429 3423.848 Ni 7 9542:232 4 aie 
3057-5528 3433-715 Ni, Cr 2 i 3555-079 Fe 
3059.21 28 3440.762s t O Fe | 3558-672s | Fe 
3067.369s 3441.155S Fe 8505-53550) be 
307 3.091 i ( Pil 3442.118 Mn 6 Ii 3566. Ni 
3078.769s th ! 3444.020s Fe 28 
3088.14 5s ; ? Ill 3446.406 Ni 3572.014 Ni 
3134.230S 3.449.583 Co 3572-712 Se, 
3158.656 ? 3.453.039 Ni 3578.832 Cy 
3230.7038 3.458.601 Ni 3581.349S Fe 
3239.170 i 3461.801 Ni 3.584.800 Fe 
3242.125 3462.950 Co 2595-105 mae 
3243-189 3466.01 5s Ke 3585-479 Fe 
3247.688s 3475-5948 Fe 3585859 | Fe 
3250.021 3476.849s Fe 3587.130 
3267.834s 3483.923 Ni ?. Il 3587.370 
3271.129 3485-493 Fe Co || 588.084 
3271.791 3490-7338 Fe 3593-636 

327 4.096s 3493.114 Ni | 3594.784 
3277.482 3497.982s Fe | 3597-954 | 
3286.898 3500.996s Ni i] 3005.4798 | 
3298.951S 3510.46 Ni | 3606.838s | 

3302. 5108 3512.785 - Co 3609.008s 

| 331 5.807 3513.965s Fe 3612.882 | 
3318.160s 3515.206 Ni 3617.934s | 
3320.39 3519.904 N 3018.919s 
3330.820 3521.410S Fe 3619.539 
3349-597 3524-077 Ni | 3621.612s 
3361.327 3526.183 Fe | 3622.147s 
3365.908 3526.988 Co | 3631.605s 
3366311 3529-964 | 3649.535s 
3309-713 3533-156 | 3642.820 
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Corrections to reduce Rowland’s wave-lengths’to standards of T 
ale: eee g' able 314 (the accepted standards, 1913). Temperature 
* The differences ‘‘(Fabry-Buisson-arc-iron) — (Rowland-solar-iron) ” lines w 
: ’ : ere plotted, 
the following values obtained : i. a Smooth Coe eee 
Wave-length 3000. 3100. 3200. 3300. 3400, 3500 3600. 3700 
Correction OO) ema hed en re ee = 155 ae 
H. A. Rowland, “A preliminary table of solar-spectrum wave-lengths,”’ Astrophysical Journal, 1-6 1895-1897 
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TABLE 321 (continued). 
STANDARD SOLAR WAVE-LENGTHS. ROWLAND’S VALUES. 


Inten- 


Substance. sity. 


Wave-length. 


Wave-length. Substance, Wave-length. | Substance. 


od 


3647.988s 
3651-247 
3651.614 
3676.457 
3680.069s 
3084.258s 
3085-339 
3086.141 
3087.610s 
3089.61 4 
3701.234 
3705-7088 
3706.17 5 
3709-3898 
3716.591S 
3720.084s | 
3722.692s 

3724.526 
3732-5458 
3733-4098 
B735-O14s 
3737-2818 

3738-466 | 
3743-508 
S745°7275 
3746.058s = 
3748.408s E Si 


404'5:97 5% 
4055.70IS 
4057.008 
4003.7 50s 
4068.137 
407 1.905s 
4077.88 58 
4102,.000H$ 
41.21.4775 
4128.251 
4132.235 
4137.156 
4140.089 
4144-038 
4167.438 
4187.204 
4101.505 
4202.198S 
4226.904s¢ 
4233-772 
4230.112 
4250.2875 
4250.945s 
4254.505S 
4260.640s 
|| 4271.-934s 
4274.958s 


on 
ioe) 
[e) 


RO MANDAL AO AN Av 
wu 


~v 


al 


HADBR Hw _ bv 
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ep [os 
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Cr, Fe, Mo 


soe 


~ 


“TIT 


3753-732 
3758-3758 


3749-6318 | 


3906.628 
3920.410 
BO23-054 


4308.08 1sG 
4325-9398 
4340.634Hy 


cana Oo OP ES Gasee ONS ae 


nN 
Z 


4379.1078 
4383-7208 
4404.9278 
441 5.2938 
4442.510 

4447.592s 
4494.7 388 
4528.798 

4534-139 

4549.808 

4554.21TS 
4572.1 50s 
4603.126 

4629.521S 
4679.0278 
4703-1778 
4714-5995 
47 36.903 

47 54.2258 
4753.01 3s 


3928.07 5s 
3930-459 
39332523 
3933-52 58K 
3934-108 
3944-160 
3956.819 
3957-1778 
3961.674s 
3968.350 
3908.62 5sH 
3968.886 
3969.413 
397 4.904 
3977-8918 
3986.903s 
4005.408 
4030.918s 
4033-2248 
4034.644s 


3759-447 
3760.196 
3761.464 
3763-9458 
3765.689 
3767-3418 
3775-717 
3783-6748 
3788.046s 
SHR LEMS) 
3798.65 5s 
3799-6938 
3805.486s 
3806.865 
3807.293 
3807.6381 
38 14.698 
3815.987S 
3820.586sL 
3824.591 
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Corrections to reduce Rowland’s wave-lengths to standards of Table 314 (the accepted standards, 1913). Temperature 
15° C, pressure 760 mm. : 


Wave-length 


3600. 3700. 3800, 3900. 4000. 4100. 4200. 4300. 4400, 4500. 4600, 4700. 4800. 
Correction 


—.155 —.140 —.14t —.344 —.148 —.i5z2 —.156 —.161 — 167 —.172 —.176 —.179 —.170, 
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274 TABLE 321 (continued). 
STANDARD SOLAR WAVE-LENGCTHS. ROWLAND’S VALUES. 


Wave-length. | Substance. H Wave-length.|Substance. cae Wave-length. 


6563.0458C 
6593-101s 
6867.457SB- 


8 fs 


5948.765s 
598 5.040s 
6003.239S 
6008.785s 
6013.715s 
6016.861s 
6022.016s 
6024.28Is 
6065.709s 
6102.392s 
6102.937S 
6108.3 34s 
6122.434s 
6136.829s 
6137-915 

6141.938s 
6155-350 

6162.390s 
6169.249s 
6169.778s 
6170.730 

6191.393s 
6191.779s 
6200.527S 
621 3.0448 
6219.494s 
6230.943s 
6246.535s 
6252.7738 
6256.572s 
6301.718 

6318.239 

6335-554 

6337.048 

6358.898 

6393-820s 
6400.217s 
6411.865s 
6421.5708 
6439.293s 
64.50.0338 
6494.0048 
6495-213 

6546.479s | Ti-Fe 


4861.5278F 
4890.948s 
4891.683 
4919-1748 
Ri 4920.085 
1) 4957-7858 
5050.008s 
5167.497sb4 
5171.7788 
5172.8 50sb2 
5183.791Sbi 
5233-1228 
5260.7 38s 
9g09-7238E 
5283-8028 
5324-3738 
+ 5328.230 
5340.121 
5341-213 
5307.669s 
5370-166s 
5383-578s 
5397-3448 
5405-9898 
5424.290s 
5429-911 
5447.1308 
5528.641s 
5569.848 
5573-975 
5586.991 
5588.985s 
Spe 
5683.4 36s 
5711.3138 
5763.218s 
5857.674s 
5862. 582s 
5890.186s Dz 
$896.155 Di 
5901.682s 
591 4.4308 
5919.860s 
5930.406s 


_ i al 
An AwCO AWAO 


Wh 
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6886.000s 
68386.990s 
6889.192s 
6890.1 51s 
6892.618s 
6893. 560s 
6896.289s 
6897-208s 
6900.199s 
6901.117S 
6904.362s 
6905.271s 
6905.783s_ 
6909.676s | 
6913.448s 
691 4.3378 
6918.370s 
6919.250s 
6923-5538 
6924.4278 | 
TAU 5 
7206.692 
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Corrections to reduce Rowland’s wave-lengths to standards of Table 314 (the accepted standards, 1913). Temperature 
15° C, pressure 760 mm. : 


Wave-length 4800. 4900. 5000, 5100. 5200. 5300, 5400. 5500. 5600. 5700. 5800. 
Correction 179) | 170,40 ——073) 170!) 00) ——arza ek 21a) 217) 6 — orb 


Wave-length 5800. 5900, 6000. 6100, 6200. 6300. 6400, 6500. 6600. 6700. 6800. 
Correction —.209 —.209 —.213  —.214 —,213. —.210 —.209 —.2I0. 
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TABLE 322 27 Sm 
SPECTRUM SERIES 


Tn the spectra of many elements and compounds certain lines or groups of lines (doublets, triplets, etc.) occur in 
orderly sequence, each series with definite order of intensity (generally decreasing with decreasing wave-length), pres- 
sure effect, Zeeman effect, etc. Such series generally obey approximately a law of the form 

ppg edt ew 
ae (m + R)# 


where v is the wave-number in vacuo (reciprocal of the wave-length d) generally expressed in waves per cin; m is a 
variable jnteger, each integer giving a line of the series; L is the wave number of the limit of the series (m = ©); NV, 
the ‘‘ Universal Series Constant”; and & is a function of m, or a constant in some simple cases. 

Balmer’s formula (1885) results if L = N/n?, where n is another variable integer and R = 0. Rydberg’s formula 
(r889) makes R a constant, and L is not known to be connected with N. Other formulae have been used with more 
success. Mogendorff (r906) requires R = constant/m, while Ritz (1903) has RK = constant/m*. Often no simple 
formula fits the case; either R must be a more complex function of m, or the shape of the formula is incorrect. 

Bohr’s theory (see also Table 515) gives for Hydrogen 


WV = {27?met(M + m)\/Mh3, 


where e and m are the charge and mass of an electron, M the atomic weight, and /, Planck’s constant. The best value 
for N is 109678.7 international units (Curtis, Birge, Astrophys. J. 32, 1910). The theory has been elaborated by Som- 
merfeld (Ann, der Phys. 1916), and the present indications are that V is a complex function varying somewhat from 
element to element. 

Among the series (of singles, doublets, etc.), there is apt to be one more prominent, its lines easily reversible, called + 
the principal series, P(m). With certain relationships to this there may be two subordinate series, the first generally 
diffuse, D(m), and another, S(m). Related to these there is at times another, the Bergmann series B(m). m is the 
variable integer first used above and indicates the order of the line. 

The following laws are in general true among these series: (1) In the P(m) the components of the lines, if double, 
triple, etc., are closer with increasing order; in the subordinate series the distance of the components (in vibration 
number) remains constant. (2) Further, in two related D(m) and S(m), Av (vibration number difference) rernains 
the same. (3) The limits (Z) of the subordinate series, D(m) and S(m), are the same. (4) Av of the subordinate series 
is the same Av as for the first pair of the corresponding P(m). (5) The limits (L) of the components of the doublets 
(triplets, etc.) of the P(m) are the same. (6) The difference between the vibration numbers of the end of the P(m) 
and of the two corresponding subordinate series gives the vibration number of the first term of the P(m). The first 
line of the S(m) coincides with the first line of the P(m) (Rydberg-Schuster law). 

In the spectrum of an element several of these families of series P(m), D(m), S(m), B(m) may be found. For fur- 
ther informition see Baly’s Spectroscopy and Konen’s Das Leuchten der Gasen, 1913, from the latter of which is taken 
the following tables, based greatly upon Dunz’s Die Seriengesetze der Linienspektra, Diss., Tiibingen, 1911, which 
has also appeared in book form, Hirzel, Leipzig. The following gives a schematic arrangement of the various series of 
a family in accordance with some of tie above laws: 

Let {m, a, a! =N/(m+a+a/m)?; VP(m) = {m, >, 7}; VD(m) = {m, d, 0)* VS(m) = {m, s, 6) and 
VB(m) = {m, 8, B\; V criginally referred to the variable part of the formula; when m takes a specific value, 
it becomes a constant term, viz. VS(z). 


Then a single line system is represented as follows: 


P'(m) = VS'(1) — VP'(m); D’(m) = VP’(t) — VD’ (m); 

S’(m) = VP'(z) — VS'(m); {B’(m) = VD’) — VB'(m)\. 
A system of double lines would be represented as follows: 

Pi"(m) = VS"(1) — VP1"(m); Di"(m) = VP"(1) — VD" (m); 

P2!(m) = VS"(t) — VP2"(m); D2! (m) = VP’(1) — VD" (m); 

Si”(m) = VP1"(1) — VS" (m); {Bv"(m) = VD"(x) — VB"(m)); 

S2"(m) = VP2" (x) — VS" (m); {B2”(m) = VD"(1) — VB"(m)\. 


And similarly for a series of triplets, etc. 


Series Spectra of the Elements. — The ordinary spectrum of H contains 3 series of the same kind: one in the; Schu- 
mann region, ¥ = N(}/12 —1/n2),n, 2,3 . . .; one in the visible, vy = N(4/2? — 1/n?), n, 3,4, 5. . .; and one in the infra- 
red, vy = N (1/32 — 1/n?), m, 4,5,6 ... He has three systems of series, one ‘‘ enhanced,” including the Pickering series 
formerly supposed to be due to H. The next two tables give some of the data for other elements, 


SERIES SysteM oF PorAssiUM. 
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TABLES 323-324. 
SPECTRUM SERIES. 


TABLE 323.— Limits of Some of the Series. 


ae | 


D3(@ ) 
Pua) Px(@ ) B2(o ) =53(@ ) Bx(o) | R(O) 


27,420 48,764 12,186 27,429 12,186 


27,173 38,453 12,208 
= 43 484 12,202 <3 a 
= *41,445 12,274 


35,006 13,471 


33,685 14,330 
16,8 

31,407 cer 
12,372 
12,366 


61,093 12,351 


62,306 


26,613 RP ? 20,467 


60,423 
27,510 60,646 17,761 49,353 


259745 3830 45,805 


if 
49,926 
66 ? ? ? 48,318 


For the series of Zn, Cd, Hg, Al, Sn, Tl, O, S, Sn, see original reference. 
* 48 Jines have been measured in this series from 16,956 to 41,417. 


= 


TABLE 324. — First Terms of Some of the Series. Vibration Number Differences of 
Pairs Av, and Triplets Avi, Avo. 


For the P(m) andthe S (m) is given only the first or second term, since the term with index o may be omitted as 
coinciding with the first term of the S(m) or P(m) respectively. Consequently the numbers always proceed from 
greater to smaller wave-lengths. Which is the common line can always be recognized from the vibration numbers. 
See figure on the preceding page. The vibration differences can be obtained from Table 323. 


D(z) P(t) | D(x) 


15,233 6654 |26,106 
13,970 6650 |26,086 
epee 6650 |26,045 
17,118 — |20,495 
16,379 : Se inrs763 
[2,205 ) ) 11,541 
12,198 { 5036 5,019 
8,552 5020 | 5,125 
8,493 : sent 5,177 
6,776 
6,538 —  |f9,390 
3,32L = 9,959 
2,707 9,159 
19,158 3,842 
10,181 3,655 
10,19X 3,260 
18,271 12,176 
11,352 10,403 
35,831 
35,739 
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TABLES 325-326. : 
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TABLE 325. — Index of Refraction of Glass. 


Indices of refraction of optical glass made at the Bureau of Standards. Correct probably to 0.co001, The com- 
position given refers to the raw material which went into the melts and does not therefore refer to the composition of 
the finished glass. 


241 151 


Borosili- 2 
: Barium Dense 
cate dint barium 
CEO WINS crown. 


Ordinary 


Wave-length. Regees 


4040. 53189 53817 . 58851 . 59137 ; 63675 
4078. “53147 -53775 | 1.58792 59084 : . 63619 
4340. - 52818 - 53408 - 58327 - 58698 : 63189 


4358. -52798 - 53459 - 58209 - 58674 : 63163 
4861. . 52326 - 53008 - 57646 . 58121 : -62548 
4916.4 - 52283 - 52907 -57597 - 58071 : .62492 


5461. -§1929 | 1.52633 57105 -57957 5 - 62033 
5769. 50771 52484 56894 57473 , 61829 
5790. - 51760 - 52475 . 56881 - 57400 : - 61817 


5803. 51714 - 52430 - 56819 - 57400 . 61756 
6234. 51573 52207 56634 57242 : 61576 
_ 6563. -51458 . 52188 56482 .57107 : 61427 


6708. - 51412 -52745 - 56423 - 57054. : 61369 
7682.0 . 51160 - 51908 . 56100 . 56762 ? . 61047 


(Percentage composition) 
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TABLE 326. — Dispersion of Glasses of Table 325. 


135 116 188 I51 163 76 


T.51714 I.52430 1.56819 1.57406 1.58038 1.61756 1.62725 1.65548 
0.00868 0.00820 0.01164 0.01014 0.01391 O.OII2I 0.01700 0.01904 


59.6 63.9 48.8 56.6 41.7 55-2 36.9 34-4 


0.00612 | 0.00578 0.00827 0.00715 0.00991 0.00792 0.01216 0.01363 
0.00492 0.00460 0.00681 0.00577 0.00831 0.00641 0.01032 o.0r168 
0.00256 ©.00242 0.00337 0.00299 ©.00400 | 0.00329 0.00484 0.00541 
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TABLE 327, —Glasses Made by Schott and Gen, Jena. 


The following constants are for glasses made a Schott and Gen, Jena: 7a, %o, %p, %r, %a, are 
the indices of refraction in air for Ao.76824, C=0.6563u, D=o. 5893, F =0.4861, G’=0.4341. 
v=(np—1)/(#r—vc). Ultra-violet indices: Simon, Wied. Ann. 53, 1894. Infra-red: Rubens, 
Wied. Ann. 45, 1892. Table is revised from Landolt, Bornstein and Meyerhoffer, Kayser, Hand- 
buch der Spectroscopie, and Schott and Gen’s list No. 751, 1909. See also Hovestadt’s “‘ Jena 
Glass.” 


Catalogue Type = O 546 O 381 O 184 O.102 O 165 S57. 


Higher Dis- | Light Silicate | Heavy Silicate ean Silicate | Heaviest Sili- 
| persion Crown. Flint. Flint. Flint: cate Flint. 


Melting Number 1092 TI5. 451 469 500 163 
v 60.7 51.8 4L.1 33-7 27.6 


Designation Zinc-Crown. 


( ot 0,2763¢ -56759 = = = 
-2837 56372 = - = 
.2980 55723 1.57093 1.65397 = 
+3403 54369 1.55262 1.63320 1.71968 
3610 53897 1.54664 ~ 1.61388 1.70536 


+4340 52788 1.53312 1.59355 1.67561 
+4861 52299 1.52715 1.58515 1.66367. 
5893 51698 1.52002 1.57524 -64985 
6563 ~ -51446 1.51712 1.57119 -64440 
+7682 51143 1.51368 1.56669 .63820 


800m +5103 
1.200 5048 
1.600 1.5008 
2.000 1.4967 
2.400 - 


“5131 1.5659 -6373 
-5069 1.5585 -6277 
+5024 1.5535 -6217 
4973 1.5487 6171 

= 1.5440 | -O131 


Kind of Light and Wave-length. 


I 
I 
1 
I 


Percentage composition of the above glasses: 
O 546, SiOz, 65.4; KeO, 15.0; NaegO, 5.0; BaO, 9.6; ZnO, 2.0; Mn2QOsz, 0.1; AseOs, 0.4; 
203, 2 -5. 
O 381, SiO, 68.7; PbO, 13.3; NagO, 15.7; ZnO, 2.0; _MnOz, 0.1; AseOs, 0.2. 
O 184, SiOs, 53.7.5 PbO, 36.0; K2O, 8.3; NaeQ, 1.0; "Mn2Os, 0.06 ; AsgOs3, 0.3- 
O 102, SiQe, 40.0; PbO, 52.6; K2O, 6.5; Naz,O, 0.5; Mn2Os, 0.09; sect 0.3. 
O 165, SiOz, 29.26; PbO, 67.5;. K2O, 3.0; MngOs, 0.04; AseQOs, 0.2. 
57.) wolO2.21.05 "PbO, 78.0; As2Os, 0.1. 


TABLE 328,— Jena Glasses. 


No. and Type of Jena Glass. — v Nzeeesre, Witten, |e Weight 


O 225 Light phosstnte crown . . : 7 : ; 00515 
O 802 Boro-silicate crown. . . . 496 é 5 0534 
UV 3199 Ultra-violet crown . . .50- 9 5 0546 
O 227 Barium-silicate crown . . , +5396 i 0639 
O 114 Soft-silicate crown . . . . “5 6 0642 
O 608 High-dispersion crown . . . 4 54. 5 0666 
UV 3248 Ultra-violet flint. . . . Ae se 5 | 0680 
O 381 High-dispersion crown . . fi = 0727 
O6o2 Baryt light flmt . . 0. .. Alt Ban 0759 
S a8o Borate flint . 67. ne 56% 5I. 0775 
O)726 Extra light flint. <=. 5 .539 sa o810 
O 154 Ordinary light flint i es ee a: Le 0943 
O 184 Ae Weir 4 e 35 38 A 8 1022 
Oiy48 Barythintepe. so e elee .623 5 : 1142 
O 102 Heavy flint 1372 
O 41 1749 
1974 | 
3109 | 2808 
3547 3252 


BNWNHWNHHNHWHK 
n 


S 386 Heavy flint . 
S 57 Heaviest flint . 


No. and Designation. 


S57 Heavy silicate flint 
O 154 Light silicate flint 

O 327 Baryt flint light : 
O 225 Light phosphate crown 


Pulfrich, Wied. Ann. 45, p. 609, 1892. 
SMITHSONIAN TABLES. 
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TABLE 330. — Index of Refraction of Rock Salt in Air. 


| A). 


0.185409 | 1.89348 ; 1.534011 : 1.516014 
-204470 | 1.76964 . 1.532532 : 1.515553 
-291 3608 1.61325 98 1.532435 iP : 1.513028 
358702 1.57932 ib WF 5 || stoieanoy 
-441587 1.55962 ° iP 1.511002 
480149 1.55330 L 1.508318 

- 1.553406 1.555137 i 1.506804 
- 1.553399 1.7680 P 1.502035 
-58902 1.544340 i L 1.494722 
58932 1.544313 ! 2.073516 ue 1.481816 
656304 1.540672 2.35728 P 1.471720 
ae 1.540702 ss ik, 1.460547 
706548 1.538633 2.9466 Pp 1.454404 
-766529 1.536712 3.5359 « 1.447494 
-70824 1.53066 4.1252 12 1.441032 
-78576 1.53601 38 s8 iL Te 5 
-88 396 1.534011 5.0092 1p 1.340 
mis Me M. 
DA sel ey Ne ee g 
na T32 Squat kr? — hat or=0? + aye At ah erase 
' where pets Ag? =0.02547414 b2—= 5.680137 
M,=0.01278685 £=0.000928 58 37 M3—=12059.95 
A1?=0.0148 500 t= 0.000000286086 A3?= 3600. (P) 


Mz =0.005343924 
TABLE 331,.— Change of Index of Refraction for 1° C in Units of the 5th Decimal Place. 


] 

0.202 | +3.134 i || O.441p iL i . line | —3.749 
210 | --1.570 .508 : e | =2739) 
.224 | —0.187 643 5 “| —3-648 
.298 | —2.727 G’ “ | —3.585 


L Annals of the Astrophysical Observatory P  Paschen, Wied. Ann. 26, 1908. 

of the Smithsonian Institution, Vol. I, 1900. Pl Pulfrich, Wied. Ann. 45, 1892. 
M Martens, Ann. d. Phys. 6, tgor, 8, 1902. RN Rubens and Nichols, Wied. Ann. 60, 1897. 
Mi Micheli, Ann. d. Phys. 7, 1902. 


TABLE 332. — Index of Refraction of Silvine (Potassium Chloride) in Air. 


A(H). 

0.185409 é : 1.478311 IP iP 
+200090 : is 1.47824 WwW WwW 
21946 : ; 1.475890 IP Pp 
257317 1.5812 ee 1.47589 Ww W 
-281640 : ae 1.474751 12 12 
308227 ; : 1.47 3934 pe W 
358702 lial es 1.47394 W IP 
-394415 -512 1.473049 | P WwW 
.467832 : a 1.47304 WwW ie 
508606 .4962 . 1.471122 P WwW 
58933 3 gS 1.47129 W iP 
.67082 .48 : 1.470013 1P ee 
.78570 483282 se 1.47001 WwW 
88398 ; 22 8932 1.468804 12) 

98220 5 % 1.46850 W 
Me : M2 Ms 
a A ree Stee Ax* or ala ee uae at aga 
a*= 2.174067 Ag? =0.0255550 ates 
21, =0.008344206 &=0.000513495 M3= 5569.715 
Av=0.0119082 A =0.000000167 587 A3?= 3292.47 (P) 


Mz =0.00698 382 
W Weller, see Paschen’s article. Other references as under Table 331,above. 


SMITHSONIAN TABLES. 


TaBLes 333-336. 
INDEX OF REFRACTION. 
TABLE 333. — Index of Refraction of Fluorite in Air. 


1.50940 1.42641 1.40855 
1.49629 1.42590 1.40559 
1.48462 1.42582 1.40238 
1.47762 1.42507 1.39898 
1.46476 1.42437 1.39529 
1.44987 1.42413 1.39142 
1.44697 1.42359 -38719 
1.44214 1.42308 -37819 
1.43713 1.42288 .30805 
1.43393 1.42199 35680 
1.43257 1.42088 -34444 
1.43200 1.42016 -33079 
1.43157 1.41971 1.31612 
1.43101 1.41826 3-47 
1.42982 1.41707 2.66 
1.42787 1.41612 2.63 
1.42690 1.41379 
1.42641 1.41120 References under Table 187. 
M, 5 Mr MM: 
2 —— g2 Ne ANS Ora Ge 2 3 
5 a A2— dy? sare ay 2 ae ee 

where a? = 2.03882 J = 0.000002916 M3 = 5114.65 

My, = 0.0062183 6? = 6.09651 A = 1260.56 

Ai? = 0.007706 My = 0.0061386 Ay = 0.09404 

é€=0.0031999 A»? = 0.00884 Ar = 35-5u (P) 


TABLE 334, —Change of Index of Refraction for 1°C in Units of the 5th Decimal Place. 
C line, —1.220; 1), —1.206; F, —1.170; G, —1.142. (Pl) 


TABLE 335, —Index of Refraction of Iceland Spar (CaCO,) in Air. 


r (4) 


No 


0.508 
533 
589 
643 
.650 
.670 
-760 
.768 
SO 
-905 


| 1.6653 

| 1.6628 
1.6584 

| 1.6550 

1.6544 

1.6537 

1.6500 

| 1.6497 | 
1.6487 
1.6458 


1.6438 
1.6393 
1.6379 
| 1.6346 
1.6313 


1.6280 


1.6210 


C Carvallo, J. de Phys. (3), 9, 1900. 
M Martens, Ann. der Phys. (4) 6, 1901, 8, 1902. RA Rubens-Aschkinass, Wied. Ann. 67, 1899. 


P Paschen, Wied. Ann. 56, 1893. 


Pl 
Ss 


Pulfrich, Wied. Ann 45, 1892. 


Starke, Wied. Ann. 60, 1897, 


TABLE 336, —Index of Refraction of Nitroso-dimethyl-aniline. (Wood.) 


a) 
NNNINI oO 
Da CO”) 

Mus DW 


Ne) 


SMITHSONIAN TaBLES, 


Phil. Mag_ 1903. 


Nitroso-dimethyl-aniline has enormous dispersion in yellow and green, metallic absorption in violet. See Wood 


TaBLes 337-338. : 281 
INDEX OF REFRACTION. 
TABLE 337. — Index of Refraction of Quartz (Si0.). 


Index Index Index Index 
Wave- ' Q b “ a 
lene he ey Extraordinary peepee Ordinary | Extraordinary ven 


ay. Ray. i Ray. Ray. 


0.185 | 1.67582 | 1.68999 18 b 1.54189 | 1.55091 
193 | -65997 |  -67343 # 68 -54099 | .54998 
-198 | .65090 .66397 oj | slygkeniy? 54811 
.206 | .64038 .65300 3 5329 | 


.214 | .63041 64264 : 5216 
.219 | .62494 .63698 : 5156 
-2a .61399 .62500 : 5039 
257 59622 .60712 : -4944 
274 | .58752 59811 é .4799 | }Rubens. 
“340 | 56748 57738 . -4679 | 

+396 | 55815 |  -50771 4569 
-410 | .55050 56600 é 417 | 


.486 | .54968 55896 4 : 274 
0.589 | 1.54424 | 1.55334 r 


Except Rubens’ values, — means from various authorities. 


TABLE 338, —Indices of Refraction for various Alums.* 


Index of refraction for the Fraunhofer lines. 


Aluminium Alums. RAI(SO,4))+-12H,0.+ 


Naa 5 17-28 | 1.43492 | 1.43563 | 1.43653 | 1-43884 | 1-44185 | 1.44231 | 1.44412] 1.44804 
NH,(CHs) 7-17| .45013| -45062] .45177| -45410| -45691| -45749] -45941| 46363 
T4-15] .45226] .45303| -45398| -45045| -45934| -45996| .46181| .46609 

7-21] .45232| .45328| -45417] -45600] -45955| -45999| -46192| .46618 
15-25] .45437| -45517| -45018| .45856| .46141| .46203| .46386| .46821 
15-20] .45509| -45599| -45693| -45939| -46234| .46288] .46481| .46923 
10-23] -49226] .49317| -49443| -49748| .50128] .50209) .50463] .51076 


Chrome Alums. RCr(SO,4)o+12H,0.F 


1.47627 | 1.47732 | 1.47836 | 1.48100 | 1.48434 
47042] .47738| -47805| .48137| .48459 
.47660] .47756| .478608| .48151| .48486 
-47911| .48014| .48125| .48418| .48744 
-51692| .51798| .51923| .52280] .52704 


Iron Alums. AFe(SO4)o+12H,0.t 


1.47639 | 1.47706 | 1.47837 | 1.48169 | 1.48580 
-47700| .47770| .47894| .48234| -48654 
47825] .47921| 48042) .48378| .48797 
.47927| .48029| .48150| .48482| .48921 
ee -51790) -51943| -52365| 52559 


* According to the experiments of Soret (Arch. d. Sc. Phys. Nat. Genéye, 1884, 1888, and Comptes Rendus, 1885). « 
+ & stands for the different bases given in the first column. 


For other alums see reference on Landolt-Bornstein-Roth Tabellen. 
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The values are for the sodium D line unless otherwise stated and are 
Selected by Dr. Edgar T. Wherry from a private compilation of Dr. E. S. 


TABLE 339. 


INDEX OF REFRACTION. 


Selected Monorefringent or Isotropic Minerals. 


arranged in the order of increasing indices. 
Larsen of the U. S. Geological Survey. 


ner 


Mineral. 


Villiaumite 
Cryolithionite 


OpalizaeGgimicmeiete 


Fluorite 


Cristobalite 
Analcite 


Pharmacosiderite.... 


Spinel 
Berzeliite 


Hercynite 
Gahnite 
Spessartite 


ime seca erates 


Uvarovite 


-Andradite 


Pyrochlore 
Schorlomite... 
Percylite 


Cerargyrite 
Mosesite 
Chromite 
Senarmontite 
Embolite 
Manganosite 
Bunsenite 


Bromyrite 
Dysanalite 
Marshite 


Sphalerite 
Perovskite 


Egglestonite 
Hauerite 


Index of 
refraction, 


A = 0.589. 


NaF 

3NaF.3LiF.2AlF3 
SiO2e.nH2O 

CaF2 

Ke20. AleO3.4S03.24H20 
3Na20.3Al203.6Si 3.2NaCl 


SiO2 
NavO. Al203.4Si02.2H20 
KCl 


5Na20.3Al203.6Si02.2SO2 
Like preceding +- CaO 
4Na20.3Al203.6Si02.NazS 
K20.Al203.4Si02 
2Cs20.2Al203.9SiO2.H20 
NaCl 

Al2O3.nH2O 
3Fe203.2As205.3K20.5H20 
MgO. AlsOz 

3(Ca, Mg, Mn)O.As2Os 
MgO 


g' 
3CaO.Al203.3SiO2 
3(Mn, Fe)O.3Be0.3Si02.MnS 
sa ME a 


203 
3CaO. (Al, Fe)203.3SiO2 
(Mg, Fe)O.Al2Oz 
3FeO.Al203.3SiO2 

FeO. Al203 

ZnO. AlsO3 
3Mn0.Al203.3Si02 
CaO 


al 
3CaO.Cr203.3SiO2 
3CaO.Fe203.3S5i02 
6CaO.3Ta20s.CbOF3 
CuCl 


Contains CaO, Ce20s, TiOs, etc. 


3CaO.(Fe, Ti)203.3(Si, Ti)O2 
PbO.CuCle.H20 

(Mg, Fe)O.(Al, Cr)203 
2Bi2O3.35i02 

AgCl 


g 

Contains Hg, NHsa, Cl, etc. 
eO.CreO3 

Sb2O3 

Ag(Br, Cl) 

MnO 


gBr 
Contains CaO, FeO, TiQs, etc. 
Cul 
(Zn, Fe, Mn)O.(Fe, Mn)203 
(Zn, Fe)S 
CaO. TiO2 


© 
HgO.2HgCl 
M 


HDYHYDHNHHDNHDHDNDNHDHNKHNHDHKHKHDNNNKHNNNNDHHHHHHHHHARH HHH HH HHH HHH HH RHR HAHA 


.328 
- 339 
. 406-1. 440 
434 
-450 
. 483 
. 486 
- 487 
. 490 
-495 
- 496 
. 500 
- 509 


525 


544 


§7° 
676 


+723 
+727 
736 
£736 


— 


I 
.18 (Li light) 


200 


. 200 
253 
3390 


BAS At es 
.360 (Li light) 
-370-2.470 
.380 

SA 

. 490 (Li light) 
. 690 (Li light) 
. 700 (Li light) 


849 
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INDEX OF REFRACTION. 


Miscellaneous Monorefringent or Isotropic Solids. 


iM. 


Substance. 


Spectrum Index of 


line. refraction. Authority. 


. 4890 Larsen, 1909 

546 Miihlheim 

.6422 Grailich 

-5755 Larsen, 1909 

.635 E. L. Nichols 

ae Ae Gh ee MiG 

.0052 Beer 

4623 Bedson and Williams 
4637 “ 66 “c 
4604 
.4624 
. 4630 
.4702 
532 Kohlrausch 

. 5462 Mihlheim 
530 Mean 

66 Ayrton, Perry 
Mean 


Ammonium chloride 
Anorthite glass 


slolelele) 


670K 


“ se “ 


Borax, melted 


4 
is) 
Q 


I 
I 

I 

I 

I 

i I 
D 1 
Cc T 
D 1 
F u 
Cc I 
D I 
F I 
D I 
D Ir 
D nt 
I 

2 

2 

2 

I 

z 


Gelatin, Nelson no. 1 


“ 


Gum Arabic 


Obsidian 
Phosphorus 
Pitch 


Jones, 1911 
“ “ 


Jamin 

Wollaston 

I. 482-1. 496 Various 

-1442 Gladstone, Dale 

Sais Wollaston 

5503 Topsée, Christiansen 
loans 7 « 

. 6666 4G ss 
Jamin 
Wollaston 
Jamin 


s 


A 
B 
G 
G 
H 
D 
D 
ed 
ed 


4 


chlorstannate 
iodide 


Slelek hele) 


Wollaston 
Baden Powell 
Wood 


“ 


Dussaud 
Fock 


HHNHNYRHHHHHHHHHHD 
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TABLE 341. 
INDEX OF REFRACTION. 
Selected Uniaxial Minerals. : 
The values are arranged in the order of increasing indices for the ordinary ray and are for the sodium D line unless 


otherwise indicated. Selected by Dr. Edgar T. Wherry from a private compilation of Dr. Edgar S. Larsen of the U. S. 
Geological Survey. 
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Index of refraction. 


GES Ordinary Extraordinary 


ray. ray. 


(a) UnNtaxtaL PositIvE MINERALS. 


Mg: » 
Chrysocolla CuO.SiO2.2H20 
Laubanite 2CaO.Al203.5Si02.6H20 
Chabazite.... (Ca, Naz)O.Al203.4Si02.6H20 
Douglasite 2K Cl.FeCle.2H20 
Hydronephelite 2Na20.3Al203.6Si02.7H20 
Oa oe 8CaO. - 6SiO2.16H20 

iO2 

Coquimbite .. Fe203.3S03.9H20 
Mg0.H 


Brucite gO0.H20 
K.0.3 Al203.4S03.6H20 
.| 5(Mg, Fe)O.Al203.35102.4H20 
Cacoxenite : 2Fe203.P205.12H20 
Eudialite 6Na20.6(Ca, Fe)O.20(Si, Zr)O2.NaCl 
Dioptasite CuO.SiO2.H20 
Phenacite 2BeO.SiO2 
Parisite ‘ 2CeOF.Ca0.3CO2z 
2Zn0.SiO2z 
2(Ca, Mn, Fe)O.(Al, Fe)(OH, F)O.2Si02 
Xanotime.... 203.P205 
Connellite. . ..| 20CUO.SO3.2CuCle.20H20 
BaO.TiO2.3S$i02 
6PbO.4(Ca, Mn)O.6Si02.H20 
CaO.WO3 
ZrO2.SiO2 
CaO.MoO3 
HegCl 
SnO2 


ZnO 
Phosgenite PbO.PbCle.CO2 
Penfieldite PbO.2PbCle 
Todyrite Agi 
Tapiolite ¥eO. (Ta, Cb)205 


Wurtzite n 
6FeO.Sb203.5TiO2z 
CdS 


-420 (Li light) 
-378 
(Li light) 


Moissanite. . . 
Cinnabarite 


RHHHNHNHNHRDHWNHNDHHHHHHHH HHH HHH HHH RH HAHAH HAAR 
®WPNH NH HHH NW NN HHH HHH HH WOH HAA HOWRAH OOOH WOH 


(6) Untaxtat NEGATIVE MINERALS. 


Chiolite 2NaF. AIF; 

Hanksite t1NazO.9SO3.2CO2.K Cl 

Thaumasite 3CaO.COs2.SiO2.SO3.15H20 
Hydrotalcite 6Mg0O.AlsO3.CO2.15H20 

Cancrinite 4Na20.Ca0.4Al203.2CO2.9Si02.3H20 
K20.4CaO.2Al203.24Si02.H20 
K20.Al203.2SiO2 

Al203.C1209.18H2O 

“Ma” = 3Na20.3Al203.18SiO2.2NaCl 
NazO.Al2O3.2Si02 


HHHHHHHHHH 
HR HHH HHH HH 
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TABLES 341-342. 28 ig 
INDEX OF REFRACTION. 
TABLE 341 (Continued). — Selected Uniaxial Minerals. 


Index of refraction. 


Mineral. Formula. Cae Se ae Pa = 
Ordinary | Extraordinary 
ray. ray. 


>) Untaxtat NEGATIVE MINERALS (continued). 


MeiMai + 

3BeO.Al203.6SiO2 

CuO.2U03.P205.8H20 

“Me” = 4Ca0.3Al203.6SiO2 

Contains NazO, CaO, AlzO3, SiOz, etc. 

9Ca0.3P205.Ca(F, Cl)2 

CaO.CO2 

2CaO.Al2O3.Si02 

Contains Na2O, FeO, AleO3, B2Os, SiOs, etc. 
CaO.MgO.2CO2 

ee é 


-CO2 
Pyrochroite Mn0.42:0 


eo 3F Oe 4S03.6H20 
O.CO2 


Pyromorphite oPbO. ee PbCle 
Barysilite 3PbO.2 
Mimetite poe aren PbCle 
PbO.PbCle 

PbO.WO3; 
(Mg, Fe)O.TiO2 
gree 3V20s.PbCle 9 

(Li light) 


3 
(Li light) | 


3Ag2S.AsoS3 
Pyrargyrite 3AgeS.SbeS3 
Hematite Fe203 


TABLE 342.— Miscellaneous Uniaxial Crystals. 


Index of refraction. 
Crystal. Spectrum 5 z Authority. 
ys line. Ordinary |Extraordinary 
ray. ray. 


.5766 . 5217 Toand C* 
.6588 .6784 Mean 
-769 .760 Osann 
308 313 Meyer 

. 207 » 304 s 

539 541 Kohlrausch 
.5762 5252 T. and C 

. 5674 .5L70 “ce “ce “ 

- 5032 - 5146 
.457 . 466 Mean 
586 -336 s 
447 453 
5173 -4930 T. and C. 
- 5109 -4873 Pepe) 
-5078 4844 3 
614 -599 Martin 


Ammonium arseniate NHiH2AsO 
Benzil (CesHsCO)2 : 
Corundum, Al2O3, sapphire, ruby 
Ice at = oF (G 


Ivory 
Potassium arseniate KH2 S206 


« “cc « pen 66 és 


Sodium arseniate NasAsO4.12H2O 
: nitrate NaNOs 
«phosphate NasPO4.12H20 
N ickel sulphate N iSO. GEEO MY Weir e cricketer ten 


“ “ a 


Strychnine sulphate 


«e 


ce 


sleleielcleleleleiole)gis)e)e)e) 


HHHHHHHHHHHHHRHA 


* Topsée and Christiansen. 
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ABLE 343. 
286 T 
INDEX OF REFRACTION. 
Selected Biaxial Crystals. 


The values are arranged in the order of increasing @ index of refraction and are for the sodium D line except where 
noted. Selected by De Edgar T. Wherry from private compilation of Dr. Edgar S. Larsen of the U. S. Geological 
Survey. 

Seen enna nena ee ee ee ee ee ee ee SSS 
Index of refraction. 


Mineral. Formula. 


(a) BraxtaL Posrrive MINERALs. 


Stercorite Na2O.(NH4)20.P205.9H20 
Aluminite Al2:03.SO3.9H2O0 
Tridymite. . 5410)|| ~ SLGFs 

Thenardite Na2z0.SO3 

Carnallite KCl.MgCl.6H20 
Alunogenite Als03.3503.16H20 
Melanterite FeO.SO3.7H20 

Natrolite NazO.Al203.3Si02.2H20 


K20.SO3 
(NH4)20.2Mg0O.P205.12H20 
CaO.Al203.6Si02.3H20 
(Naz, Ca)O.Al203.2Si02.3H20 
(Ke, Ba)O.Al203.5Si02.5H20 
LixO.AleO3.8Si102 
2CaO.P205.H20 
2MgO0.P205.7H20 
Gypsum CaO.SO3.2H20 
Mascagnite (NHa4)20.SO3 
Albite ...| “Ab” = NaeO.Al203.6Si02 
Hydromagnesite 4Mg0.3CO2.4H20 
Wavellite 3Al203.2P205.12(H2O, 2HF) 
Kieserite é Mg0O.SO3.H20 
Copiapite 2Fe2O03.5SO3.18H20 
Whewellite 


AloO3.3H20 
3Mg0O.P205.MgF2 
CaO.SOs 
2CaO.3B203.5H20 
Na2O.Alo03.P205.(H20, 2HF) 
Vivianite 3FeO.P205.8H20 
Pectolite Na20.4Ca0.6Si02:H2O 
2ZnO.SiO2.H20 
4Mg0O.2SiO2.Mg(F, OH)2 
Cu0.3Al203.2P205.9H20 
2Al0F.SiO2 

SrO.SO3 
2CaO.Als03.3Si02.H20 
BaO.SOs 


Anthophyllite Mg0O.Si02 

Sillimanite Al2O3.SiO2 

Forsterite 2MgO.SiOz 

Enstatite Mg0O.Si02 

Euclasite 2BeO.Al203.2Si02.H20 

® 3Mn0O.P:05.MnF2 

Spodumenite Li2O.Al203.4Si02 

Diopside CaO.Mg0O.2SiO2 
2(Mg, Fe)O.SiO2 
Li2O0.2(Fe, Mn)O.P205 


HHHHHHHHHHH HHH HH HHH HHH HEH HHH HHH HHH HHH HHA RHR 

HHHHHH HHH HH HHH HHH HHH HHH HHH HAHAHAHA HAO OR OO 
t 

HHH HHH HHH HHA AHHH MH WHOM OOOH OOH OOO OO OH OOH OH OOOO OOM OW ORO OO 
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TABLE 343 (continued). 2 87 
\NDEX OF REFRACTION. 
Selected Biaxial Crystals. 


Index of refraction. 
Mineral. Formula. 


(a) BraxtaL PosirivE MINERALS (continued). 


+ 


ee eae ee 
20 


eee . 

Staurolite ap eO. sAlOs 45i02.H20 

Chrysoberyl 

Azurite 3 CuO. COs -H20 

i Fe203.As205.4H2O0 
4CuO.As205.H20 
PbO.SO3 
CaO.TiOs.SiO2 
Os 


Huebnerite 
Manganite 


-WOs 
2PbO.PbCle 
(Fe, Mn)O.Ta205 
(Fe, Mn)O.WOs 
PbO.CrO3 
2Fe203.3TiO2 
Stibiotantalite Sb203.Ta205 
Montroydite HgO 


DHPNYHHHHNNHNHNHNNKNKNDHHHHHHHH HHH 
DPNYNHHNYKHNHNKHKHNHNHNHNDSHHHHHH HR H HH 
HHH HHRPHHHNHNNHNHNNKNNHHHHHHHHH 


(6) Braxtat NEGATIVE MINERALS. 


Na20.SO3.10H20 
NaF.CaF2.AlF3.H20 
NazO.CO2.10H20 
K20.Al203.4SO3.24H20 
Mg0O.SO3.7H20 
203.H2O 
NazO.2B203.10H20 
ZnO.SO3.7H20 
Pickeringite MgO. AleO3.4S03.22H20 
Bloedite NazO.MgO.2SO3.4H20 
3Na20.4CO2.5H20 
Naz0O.CO2.H20 
oe ae AlsO3.6Si02.5H20 


MeO. SOs. KC1.3H20 
NazO0.CaO.2CO2.5H20 
CaO.Al203.3Si02.3 H20 
CaO. Al2O3.4Si02.4H20 
Orthoclase K20.Al203.6SiO2 
Microcline Same as preceding — 
eo e 
Glauberite a20.CaO.2SO3 : 
Cordierite 4(Mg, Fe)O.4Al203.10SiO2.H20 
Chalcanthite 5H. 

Oligoclase 


HHH HHH HHH RRR RRR AA 
HHH HH HH HHH HHH RHR HARRAH 
HHHHHHHHH RH HHH RRR RRR 
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Mineral. 


TABLE 343 (continued). 


INDEX OF REFRACTION. 


Selected Biaxial Crystals. 


Formula. 


(b) BraxtaL NEGATIVE Crystats (continued). 


Beryllonite 
Kaolinite 


Hopeite 
Muscovite 
Amblygonite 
Lepidolite 
Phlogopite 
Tremolite 


Glaucophanite 
Andalusite 


Erythrite 
Monticellite. . . 
Strontianite 
Witherite 
Aragonite 


Matlockite 
Baddeleyite 
Lepidocrocite 
Limonite 


Na2O.2BeO.P20s 
AlzO3.2Si02.2H20 ; 
K20.4(Mg, Fe)O. 2Al203.6Si02.H20 
CaO.2U03.P205.8H20 

“An” = CaO.AleO3.2Si02 
La203.3 CO2.9H20 
Al2O3.4Si02, H20 
3MgO.4SiO2.H20 
3ZnO0.P205.4H20 
K20.3Al203.6Si02.2H20 
AlsO3.P20s. 2LiF 
Al2O3.3SiO2.2(K, Li) F 
K20.6MgO. Al2O3.6Si02.2H20 
CaO.3Mg0.4SiO2 

CaO.3 (Mg, Fe)O.4SiO2 


aO.SiO2 
(Fe, Mg)O.Als03.P20s.H2O 
CaO.B203.2SiO2 
NazO.2FeO.Al203.6SiO2 
AlsO3.SiO2 
Contains Na2O, MgO, FeO, S1Osz, etc. 
2CaO.2SiOe2. B2O3.H20 
3CoO.As205.8H20 
CaO.MgO.SiO2 
SrO.COz 


Oz 
6(Ca, Mn)O.2Al203.B203.8Si02.H20 
8Al203. B2O03.6Si02.H20 
AlsO3.SiO2 
4CaO.3(Al, Fe)203.6Si02.H20 
3CuO.CuCle.3H20 
2FeO.SiO2 
2(Pb, Cu)O.SO3.H2O0 
2CuO.CO2.H20 
2PbO.SOs 
4PbO.SO3.2CO2.H20 
PbO.COz 
PbCl. PbO.H20 
pee 


2Fe203.3H20 in part 
Fe203.H2O 


2F exOs.H20 in part 
AsS 


na 


Index of refraction. 


"B 


s 


Merlineuaiteseerem ete: 
atchinsonite nase. ob oretiens 
Stibmitel tac cstexgertevieeeieins 


HgeOCl 
(Tl, Ag)oS.PbS.2AsoS3 


WwOHRHHRNHRNHHNKHNHHHHHHHH HH HHH HHH HHH RRR RRR RRR HARA ARARARA 
BOKDHNHNHHNHNHNHNKHKHKKHHHHHHHHH HHA HHHHHHR HH HHH RAR HARA ARR 


pPwOWRHNKHHNKHKHKHKHNKNKRNHHHHHHH HHH HHH HHH HHH RRR RHR 
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; TABLES 344-345. y 2 89 
INDEX OF REFRACTION. 
TABLE 344.— Miscellaneous Biaxial Crystals. 


Index of refraction. 
Crystal. Spe Authority. 


Woh 


Ammonium oxalate, (NH4)2C204.H20. . . 4381 . : Brio 
seas RT es ete 
4 4H4O6 . 5188 i. and Ce 

Ammonium tartrate, (NH4)2CaH4O«..... ee Cone 
Antipyrin, CuHizN Liweh 
Citric acid, CeHsO7.H2O Schrauf 
Codein, CisH2i1NO3.H2O Grailich 
Magnesium carbonate, MgCO3.3H2O.... Genth 

st sulphate, MgSO4.7H2O..... Means 

i. Borel 


Dufet 
Deand:Ce 
Mallard 
Schrauf 
and Ce 


ces Wei ice 


5607 
- 4932 
. 5390 
-495 

- 432 

. 4990 
+4307 
-7202 


Qa 
ee 


ce 


Potassium bichromate, K2CreO7 
ag chromate, KeCrO4 


= 


HHHHHHHH 


. 6873 
1.3346 
1.4076 
1.4032 
I. 4911 


4 
OQ 
a. 


nitrate, KNOs3 
sulphate, KeSO4 


elel-aie) 


ce 


Racemic acid, CaHsOc.H2O............ 
Resor. Gelle@a siayeisiciec sre sisters cre oe 
Sodium bichromate, NazCr207.2H20.... . 

“acid tartrate, NaH (C4H40c).2H2O 
Sugar (cane), Ci2H220un 


w 
e, 
=| 
io) 
4 


Groth 


Dufet 
Brio 
Calderon 


1.6610 
15422 
- 5397 
- 5379 
- 4953 
. 4620 
-4508 
4544 


6c 


Means 
T. and C. 


Ccmice 


“ “a 


Tartaric acid, CaHeOs (right-) 
Zinc sulphate, ZnSOs.7H2O 


“ “ 


HHH AHH HHH HH HHH HHH HRA 


lol le] sole fol~ 


* Topsée and Christiansen. 


TABLE 345.— Miscellaneous Liquids (see also Table 346), Liquefied Gases, Oils, 
Fats and Waxes. 


Substance. 


Temp. Index for D Refer- .| Index for D 
6} ©. 580M. ence. a 0. 580M. 


Substance. 


| Liquefied gases: Oils: 
059 
-367 
195 
325 
. 180 
384 
205 
+325 
339 
104 
221 
350 
252 
-325 
. 466 


. 464-1. 466 
.4820-1. 4852 
-4757-1. 4768 
- 4750-1. 4762 
- 4695-1. 4708 
-4703-1.4718 
.4510 
-4723-1.4731 
-464-1 . 468 
-477° 


HHHHH HHH HHH 


Soja, bean =. 2...) 
Sperm 

-4728-1 .4753 Sunflower. ...... 
4799-1 . 4803 
Ay—E AS 

. 5301-1. 5360 
4587 
4790-1. 4833 
.4737-1.4757 
-4757-1.4708 
. 4600-1. 467 
.4702-1.4720 


TPTROMPAADAAAOAAAA AAO a 


HHH HH HH HHH HHH HHH 


Fats and Waxes: 
Beef tallow 
BeeswaiKs «sea... 
Carnauba wax... . 
Cocoa butter... .. 


-4552-1.4587 
-4398-1. 4451 
-4520-1.4541 
.4560-1.4518 
. 4584-1. 4601 
4510 


Cocoanut... . 
Cod liver. . . . 
Cotton seed. . 


Arenrncer0n FoOOomNnotrKO To oooooD 


HHHHHHHHH HA 


AHHH HH 
onronrran 


Eucalyptus . . 
Wardle see 


Mutton tallow... 


e 


pi) 


References: (a) Martens; (b) Bleekrode, Pr. Roy. Soc. 37, 339, 1884; (c) Liveing, Dewar, Phil. Mag., 
1892-3; (d) Tolman, Munson, Bul. 77, B. of C., Dept. Agriculture, 10905; (e) Seeker, Van Nostrand’s 
Chemical Annual. For the oils of reference d, the average temperature coefficient is 0.000365 per ° C. 
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Indices of 


TABLE 346. 
INDEX OF REFRACTION. 
Refraction of Liquids Relative to Air. 


Substance. 


Acetaldehyde, CH; CHO 
Acetone, CH;COCHs 


Alcohol, methyl, CH3.0H 
i eth hyl C2Hs.OH 


5 n-propyl Gi. OH. 
Benzol, ee 


ee tetrachloride, C Clacannr 
Chinolin, CoH7N 
Chloral, CCls.CHO 
Chloroform, CHCls 
Decane | Ciokleate eee oe 
Ether, ethyl, ern .O.CoHs 


Ethyl nitrate, C2Hs.0. NOs. 
Formic acid, H.COoH.. 
Glycerine, CsHs0s. SA Aan ah 
Hexane, CH3(CH2)4CH3 
Hexylene, ae eed )sCH.CHe. . 
Methyl iodide, CHa 

Seemrcioy dpa 
Naphthalene, CioHs 
Nicotine, CioHisNe 
pein CH3(CHe)sCHs 


Pentane, CH3(CH2)sCH3....... 
Phenol, CeHsOH 


Styrene, CeHsCH.CHe........ 
Thymol, CioHisO0 

Toluene, CH3.CsHs 

Water, H2O 


Indices of refraction. 


eel thet i 
~I oO re} 
no 


fon 
RII 18 
ow o 
ase 

HA HHH | HHH HHHHHH I HH | HHH 


Sis 
a 
Tr 
Ts 
ca 
7 
te 
I.5 
I: 
is 
r 
Es 
ny 
zs 
in 
ue 
i 
The 
Ee 
E. 
¥. 
Ds 
Tr 
Ee 


Bales Sialic 


cop 
BO 


seeg de teed ts] iret g 
GLO & 


ea) 
foe 


40 
80 


HH HHHHHHHHH HHH HHH HHH 


WH WH 
w 
fe} 
is) 


References: 
f, Nasini, Bernheimer; g, Eisenlohr; 
5, Landolt; 6, Olds; 7, Baden Powell; 


1, Landolt and Bérnstein (a, Landolt; b, Korten; c, Briihl; d, Haagen; e, Landolt, Jahn; 


h, Eykman; i, Auwers, Eisenlohr); 2, Korten; 
8, Willigen; 9, Fraunhofer; ro, Briihl. 


HHHHHH | HHHH HHT HHH HH HHA HH | HH 


HHHHHR HHH 


cel 


al 


Author- 
ity. 


HHH HHH AHHH HHH HHH RR MH HHH Ma LH Ree | ae eee 
s “ 


3, Walter; 4; Ketteler: 
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TaBLe 347. 291 
INDEX OF REFRACTION. 
Indices of Refraction relative to Air for Solutions of Salts and Acids. 
Indices of refraction for spectrum lines. 
Substance. Density. | Temp. C. a Authority. 
(a) SoLutions In WaTeER. 
| 
Ammonium chloride! 1.067 | 27°.05 | 1.37703] 1.37936/ 1.38473 - [1.39336] Willigen. 
BT <n 025 | 29.75 | .34850/ .35050] .35515| - | .30243] “ 
Calcium chloride 39 25.65 | .44000] .44279| .44938 - .46001 ie 
Me ¢ 215 | 22.9 39411] .39652] .40206} — .41078 ve 
My ue MAO ees .o 37152] -37309| .37876, — 35666 fi 
Hydrochloric acid 1.166 | 20.75 |1.40817|1.41109| 1.41774 -— |1.42816 os 
Nitric acid . 359 | 18.75 | 39893] 40181] .40857 - 41961 Wy 
Potash (ca ustic) . “ALO! |) 11.0 ileke -40281| .40808 - .41637 | Fraunhofer. 
Potassium chloride ./ normal solution 34087] .34275] .34719]1.35049 -  |Bender. 
e ts double normal | .34982] .35179)-.35645] .35904) e 
a ae triple normal | .35831| .36029] .36512| .36890 = ol 
Soda (caustic) 1.376 | 21.6 |1.41071|1.41334/ 1.41936 -  |1.42872)Willigen. 
Sodium chloride : 189 | 18.07 | .37562| .37789| .38322/1.38746 Schutt. 
ce 109 | 18.07 | .35751| -35959| .36442] .36823 - Y 
as .035 | 18.07 | .34000] .34191| .34628) .34969 - e 
Sodium nitrate 1.358 | 22.8 |1.38283]/1.38535|/1.39134| — |1.40121] Willigen. 
Sulphuric acid II 18.3 43444] .43669| .44168 - 44883 a 
oO we .632 18.3 -42227| .42466| .42967 - 43694 ub 
8 s 221 18.3 -36793| 37009] .37468 - 38158 $ 
ae sg 028 | 18.3 .33063| .33862] .34285; — 34938 S 
Zinc chloride . 1.359 26.6 |1.39977|1-.40222|1.40797 — {1.41738 ss 
es 6 .209 | 26.4 -37292| .37515| -38026 - 38845 Wy 
(b) SoLutions 1n Eruyt ALcoHoL. 
|| Ethyl alcohol . 0.789 | 25.5 |1.35791/1.35971| 1-36395| —- |1.37004 Willigen. 
: “4 932 | 27.6 | 35372] .35556) .3§986| - | .36662) “ 
Fuchsin (nearly sat- 
urated) : - 6. 3918 | .398 301 - 3759 |Kundt. 
Cyanin (saturated) ; 6. 3831 - 3705 - .3821 sé 
al), He 


Notre. — Cyanin in chloroform also acts manor for example, Sieben gives for 
a 4.§ per cent. solution 4#4= 1.4593, Ms = 1.4695, wr(green) = 1.4514, Me (blue) = 1.4554. 
For a 9.9 per cent. solution he gives w1— 1.4902, we (green) = 1.4497, we (blue) = 1.4597. 


(c) SoLtutions oF Potassium PERMANGANATE IN WATER.* 


Cee Spec- | Index Index Index Index er Spec- | Index Index Index Index 

ae Hee for ‘ for ‘ for oor orate eur. for jot for : for ; 

Saeee . |r %sol. | 2% sol. | 3 % sol. | 4 % sol. 108, | lime. | 2 % sol. | 2 % sol. | 3 % sol. | 4 % sol. 
Gs? || 1s) |jameretey eee - 1.3382 | 51.6 1.3368 | 1.3385 - - 
65-6 | C | .3335 | -3348 |1-3365 | .3391 | 50.0] - | 3374 | -3383 | 1.3386 | 1.3404 
GE 1-343, | 23305 | .33eT | 3410 | 48.6) 9 Fs 3377) F = -3408 
SoS -3354 | -3373 | -3393 | -3426] 48.0 | - -3381 | -3395 | -3308 | -3413 
58.9] D | .3353 | -3372| - -3426 | 46.4 | - | .3397 | -3402 | -3414 | -3423 
56.8 | - | .3362 | .3387 | -3412 | -3445 | 44-7 | - | .3407 | -3421 | -3426 | .3439 
B58 ee 3300 | 3305, eat 83430 43-4 | sat - | -3452 
52.7 | E 3363 = mn hae 42.3} - | 3431 | 3442] .3457 | -3468 
See = S302 123377. | 233 ca ss ¥ - = = ee 


* According to Christiansen. 
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A formula was given by Biot and Arago expressing the dependence of the index of refraction of a gi 


temperature. 


Indices of Refraction of Gases and Vapors. 


TasLe G48. 
INDEX OF REFRACTION. 


More recent experiments confirm their conclusions. 


The formula is #,—1 = 


“oO pb 
1 + at 760 


7, is the index of refraction for temperature ¢, 79 for temperature zero, a the coefficient of expansion of the gas 


with temperature, and £ the pressure of the gas in millimeters of mercury. For air see Table 349. 


(a) Indices of refraction. 


Spectrum 108 (n-r) 

line. Air. 
A 2905 
B 2911 
Cc 2014 
D 2922 
E -2933 
[2 -2943 
G .2962 
ii 2978 
K 2980 
L .2987 


Spectrum 103 (n-r1) 
line. Air. 

M 2993 
N +3003 
O 3015 
Ie 3023 
Q "3031 
R +3043 
S +3053 
a .3004 
U -3075 


(n-1 ) 103. 
Wave- 
length. Air. O. N. H. 
“ 

.4861 2951 2734 .3012 -1406 

5461 2936 Pay) 2998 1397 

5790 .2930 2710 — .1393 

6563 2919 2698 2982 1387 

4360 .2971 2743 CO, 1418 

5462 .2937 2704 4506 -1397 

.6709 2918 2683 4471 1385 
6.709 2881 2643 .4804 -1361 
8.678 .2888 2650 -4579 1361 


First 4, Cuthbertsons; the rest, Koch, 1909. 


Pp. 25-27). 


Indices of refraction 
and authority. 


Substance. 


Substance. ae 
Acetone . D 
Ammonia white 

“cc D 
Argon. D 
Benzolieeca.: D 
Bromine . : D 
Carbon dioxide | white 

“ “ D 

Carbon disul- j white 
phide D 
Carbon mon- white 

oxide white 
Chlorine . white 

ne jen D 
Chloroform . D 
Cyanogen white 

“ , D 
Ethyl alcohol D 
Ethyl ether . D 
Helium D 
Hydrochloric {| white 

ACC cane een] D 
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eee Hee ee el HH Ree 


— H 


.001079-I.001 100 
.000381-1.00038 5 
.00037 3-1.000379 


.000281 Rayleigh. 


.001700-1.001823 


.001132 Mascart. 
.000449-1.000450 
.000448—1.0004 54 
001500 Dulong. 
.001478-1.001485 


.000340 Dulong. 
.000335 Mascart. 
.000772 Dulong. 
.000773 Mascart. 
.001436-1.001 464 


.000834 Dulong. 

.000754—1.000825 
00087 I-1.00088 5 
.OOT §2I-I.001 544 
.000036 Ramsay. 


.000449 Mascart. 
.000447 


Hydrogen 

Hydrogen sul: | 
phide 

Methane . 


Methyl alcohol. 
Methyl ether 
Nitric oxide. 


“c “ 


Nitrogen . 


Nitrous oxide 


“ “i 


Oxygen 


Pentane : 
Sulphur dioxide 
“ wo 


Water. 


(b) The following are compiled mostly from a table published by Briihl (Zeits. fiir Phys. Chem. vol. 7, 
The numbers are from the results of experiments by Biot and Arago, Dulong, Jamin, Ketteler, 
Lorenz, Mascart, Chappius, Rayleigh, and Riviére and Prytz. 
of one observer the name of that observer is given. The values are for 0° Centigrade and 760 mm. pressure. 


When the number given rests on the authority 


Kind of 
light. 


white 


white 
D 


white 
D 

white 
D 


white 


D 
D 
white 
D 
white 


D 


Indices of refraction 
and authority. 


1.0001 38-1.000143 
1.000132 Burton. 

1.000644 Dulong. 
1.000623 Mascart. 
1.000443 Dulong. 


1.000444 Mascart. 
1.000549—1.000623 
1.000891 Mascart. 
1.000303 Dulong. 
1.000297 Mascart. 


1.00029 5-I.000300 
1.000296-1.000298 
I.000503-I.000507 
1.000516 Mascart. 
1.00027 2—1.000280 


00027 I—-1.000272 
.0o1711 Mascart. 
000665 Dulong. 
.000686 Ketteler. 
.000261 Jamin. 


| 


H 


.000249-I.000259 


as on pressure and 


/_, where 


TABLE 349, 
INDEX OF REFRACTION. 
TABLE 349. — Index of Refraction of Air (15°C, 76 cm). 


Corrections for reducing wave-lengths and frequencies in air (15° C, 76 cm) to vacuo. 
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The indices were computed from the Cauchy formula (m — 1)107 = 2726.43 + 12.288/(A2 X 1078) + 0.3555/ 
(A4 X 10-18). For o° C and 76 cm the constants of the equation become 2875.66, 13.412 and 0.3777 respectively, and 
for 30° C and 76 cm, 2589.72, 12.259 and 0.2576. Sellmeier’s formula for but one absorption band closely fits the 
observations: * = 1 + 0,00057378A2/(A2 — 505260). If — x were strictly proportional to the density, then (n —1)o/ 
(m — 1)t would equal r + aé where a should be 0.00367. The following values of a were found to hold: 

0.85u 0.75Mé 0.65¢ 0.55é 0.45M 0.35¢ 0.25 

Qa 0.003672 0.003674 0.003678 0.003685 0.003700 0.003738 0.003872 
The indices are for dry air (0.05 + %COz). Corrections to the indices for water vapor may be made for any wave- 
length by Lorenz’s formula, + 0.000041 (m/760), where m is the vapor pressure in mm. The corresponding frequencies 
in waves per cm and the corrections to reduce wave-lengths and frequencies in air at 15° C and 76 cm pressure to vacuo 
are given. E.g., a light wave of sooo Angstroms in dry air at 15° C, 76 cm becomes soor.39r A in vacuo; a frequency 


of 20,000 waves per cm correspondingly becomes 19904.44. Meggers and Peters, Bul. Bureau of Standards, 14, p. 731, 
ro18. 


Fre- Vacuo Fre- Vacuo 
Wave- | Dry air} Vacuo | quency a Wave- | Dryair | Vacuo | quency ees 
length, | (m — 1) |correction|waves per Dye length, (x — 1) |correction | waves per Piao 
mn X 107 |forNinair) cm 3 Niuebas aN X 107 |forAinair] cm ick eee 
Ang- 15°C \(nA — A). i I I Ang- 15°C | (#\ — A”) I a gs 
stroms. | 76cm Add. IL | estroms: 76 cm Add. x NW)” 


in air. Subtract. in air. | Subtract. 


50,000 : 3 18,181 
47,6190 : : 17,857 
45,454 5 3 17,543 
43,478 : : 17,241 
41,666 : : 16,949 


909000 


40,000 : 4 16,666 
38,461 : : 16,303 
37,037 : : 16,120 
35,714 : : 15,873 
34,482 5 : 15,625 


00000 


15,384 
I5,151r 
14,025 
14,705 
14,492 


33,333 
32,258 
31,250 
30,303 
29,411 


00000 


28,571 
275777 
27,027 
26,315 
25,041 


14,285 
14,084 
13,888 
13,698 
13,513 


CHW SHEAR HHEAR HELEN 


SINISE HHO 010 


HHHHO 


25,000 
24,390 
23,809 
23,255 
22,727 


13,333 
13,157 
12,987 
12,820 
12,658 


HHHHH 
WHwwWwnw 


22,222 
21,739 
21,276 
20,833 
20,406 


12,500 
12,345 


12,121 
11,764 
11,428 
II,1II 
10,810 
10,526 
10,256 
10,000 


HHH He 


20,000 
19,607 
19,230 
18,867 
18,518 


Annan Aan aD DADQA~T 


HHH NHWWWW QW 


HHHHH 
WHNHNHHHHNN 
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294 ‘TaBLes 350-352. 


MEDIA FOR DETERMINATIONS OF REFRACTIVE INDICES WITH 
j THE MICROSCOPE. 


TABLE 350, — Liquids, np (0.5891) = 1.74 to 1.87. 


In 100 parts of methylene iodide at 20° C. the number of parts of the various substances in- 
dicated in the following table can be dissolved, forming saturated solutions having the permanent 
refractive indices specified. When ready for use the liquids can be mixed by means of a dropper. 
to give intermediate refractions. Commercial iodoform (CHI,) powder is not suitable, but crys- 
tals from a solution of the powder in ether may be used, or the crystalized product may be 
bought. A fragment of tin in the liquids containing the SnI4 will prevent discoloration, — 


TABLE 351. —Resin-like Substances, np (0.589) —1.68 to 2.10. 


Piperine, one of the least expensive of the alkaloids, can be obtained very pure in straw-colored 
crystals. When melted it dissolves the tri-iodides of arsenic and antimony very freely. The 
solutions are fluid at slightly above 100° and when cold, resin-like. A solution containing 3 parts 
antimony iodide to one part of arsenic iodide with varying proportions of piperine is easier to 
manipulate than one containing either iodide alone. The following table gives the necessary data 
concerning the composition and refractive indices for sodium light. In preparing, the constituents, 
in powder of about 1 mm. grain, should be weighed out and then fused over, not 7z,a low flame. 
Three-inch test tubes are suitable. 


Per cent Iodides. : ; : 5 40. 50. | Cs, || 


Index of refraction 1.683 | 1.700 | 1.725 | 1.756 | 1.794 | 1.840 | 1.897 


| 
| 
| 


TABLE 352, — Permanent Standard Resinous Media, np (0.5891) = 1.546 to 1.682. 


Any proportions of piperine and rosin form a homogeneous fusion which cools to a transparent 
resinous mass. The following table shows the refractive indices of various mixtures. On 
account of the strong dispersion of piperine the refractive indices of minerals apparently matched 
with those of mixtures rich in this constituent are 0,005 to 0.01 too low. To correct this error a 
screen made of a thin film of 7 per cent antimony iodide and 93 per cent piperine should be 
used over the eye-piece. Any amber-colored rosin in lumps is suitable. 


| Per cent Rosin. 


Index of refraction | 1.683 | 1.670 | 1.657 | 1.643 | 1.631 | 1.618 | 1.604 | 1.590 | 1.575 | 1.560 | 1.544 


All taken from Merwin, Jour. Wash. Acad. of Sc. 3, p. 35, 1913. 
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TABLE 353. 2905 
OPTICAL CONSTANTS OF METALS. 
TABLE 353, 


Two constants are required to characterize a metal opticaily, the refractive index, 2, and the 
absorption index, &, the latter of which has the following significance: the amplitude of a wave 


after travelling one wave-length, A! measured in the metal, is reduced in the ratio! 1:e—27k or for 
amdnk 


any distance d, 1:e ae for the same wave-length measured in air this ratio becomes 1:e —),—, 
nk is sometimes called the extinction coefficient. Plane polarized light reflected from a polished 
metal surface is in general elliptically polarized because of the relative change in phase between 
the two rectangular components vibrating in and perpendicular to the plane of incidence. For a 
certain angle, (principal incidence) the change is 90° and if the plane polarized incident beam 
has a certain azimuth y (Principal azimuth) circularly polarized light results. Approximately, 
(Drude, Annalen der Physik, 36, p. 546, 1889), 


oe. = sin @ tan e 
k=tan 2p (1 — cot *¢) and n = -—-__——_ (1 -+- 4 cot? 4). 
n 2p, ( $) (eliores a te) 
For rougher approximations the factor in parentheses may be omitted. IR computed per- 
centage reflection. 


(The points have been so selected that a smooth curve drawn through them very closely indicates the characteristics 
of the metal.) 


Computed. 


Authority. 


Cobalt ‘ ‘ ji M inor. 


6c 


Ingersoll. 


Minor. 
“ec 
“ee 
Ingersoll. 
ce 
ce 
oe 


Forst.-Fréed, 
os “ 


Gold 
Iridium 


Nickel “ | Tool. 
i Drude. 
Ingersoll. 


Platinum Forst.-Fréed. 
rr rr 


Silver Minor. 


a 

as 

6 

oe 

“ 

Ingersoll. 

‘ 
“¢ 


Forst.-Fréed. 
th « 


Minor. 
oe 


Ingersoll. 


ee) 


Drude, Annalen der Physik und Chemie, 39, p- 481, 1890; 42, p. 186, 18913 64, p. 159, 1898. Minor, Annalen 
der Physik, 10, p. 581, 1903. ‘lool, Physical Review, 31, p. 1, 1910. Ingersoll, Astrophysical Journal, 32, p. 265, 
1g10; Forsterling and Fréedericksz, Annalen der Physik, 4o, p. 201, 1913. 
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TABLES 354-355. 


OPTICAL CONSTANTS OF 


TABLE 354, 


METALS. 


Metal. 


Al.* 
Sb.* 
Bitt 
Cd.* 
Gigne 
Cb.* 


A. 


38 

0.589 
-589 

white 
589 
“579 
579 
257 
a 
BOO) 
.589 
-579 
-257 
441 
-589 
589 
589 


wW 
ce 


Se.f 


SL* 


Na. (liq.) 
‘Ta® 

Sn.* 

W.* 

V.% 

Zn.* 


2.60 
4.18 
3.67 
S:55 
-004 
2.05 
1.48 
2.76 
3:03 
0-55 
0.93 


ye) 
o, 


PRP BRWW HOH DADOAUUUUN 


1.93 


2.6 


-579 
.326 
441 
-589 
.668 
-579 
7 
.441 
589 
.668 
275 
-441 
589 


A= wave-length, n=refraction index. 

k= absorption index, R=reflection. — 

(1) Drude, see Table 205; (2) Kundt, prism 
used, Ann. der Physik und Chemie, 34, p. 477, 
36, p. 824, 1889; (3) v. Wartenberg, Verh. 
deutsch. Physik. Ges. 12, p. 105, 1910; (4) 
Meier, Annales der Physik, 10, p. 581, 1903; 
(5) Wood, Phil. Mag. (6), 3, 607, 1902; (6) 
Ingersoll, see Table 205. 
| * solid, ft electrolytic, ¢ prism, § deposited 


PARRA RAWARAARW HHARAWARAARROW HDHH 


as film in vacuo. 


TABLE 355,—Reflecting Power of Metals, (See page 208.) 


od 
a 


Per cents. 


nb Nn YN 


000000 bn 


a) 
b OWS nH 


Coblentz, Bulletin Bureau of Standards, 2, p. 457, 1906, 7, p. 197, 1911. The surfaces of some of the 

samples were not perfectso that the corresponding values have less weight. The methods for polishing 

he various metals are described in the original articles. The following more recent values are given 

by Coblentz and Emerson, Bul. Bur. Stds. 14, p. 207, 19173 Stellite, an exceedingly hard and untarnish- 

poleallcy of Co, Cr, Mo, Mn, and Fe (C, Si, 8, P) was obtained from the Haynes Stellite Co, Kokomo, 
ndiana. 


= 


Wave-length, [Hoy ai +20 .30 .50 .75 %I.09 2.00 3.00 4.00 5.00 9.00 
Tungsten, — _ — =. > enh2 +576 -.900 .943 948. -.953 _ 
Stellite, 32) ad2 50) se OANN ee Oy, +689) 2747" 4¥O2) | .o25.  -S4a 6880 
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TaBLeS356-358.—THE REFLECTION OF LIGHT. 297 


According to Fresnel the amount of light reflected by the surface of a transparent medium 


bad __1§sin?(z—v) | tan? (¢—7) 
goes i) = 2 sin? (¢-+ 7) © tan? (¢-+ 7) 


e A is the amount polarized in the plane of inci- 


dence; # is that polarized perpendicular to this ; 7and x are the angles of incidence‘and refraction. 


TABLE 356, —Light reflected when i = 0° or Incident Light is Normal to Surface. 


3 (A + 8) 


0.00 
0.01 
0.06 


0.23 
0.83 
1.70 


Nant Oo 
mn wm 


SYD 


Tea 
14.00 
18.37 
22.89 
25.00 
30.00 


3(A +B). . | A+B). 


44.44 
50.00 
60.67 
96.08 
100.00 


B. 


ES 
+ 
bl by 

* 


1.000 
985 
939 
.862 
se, 
612 
444 
.260 
.088 
.000 
.176 

1.081 

4.000 

12.952 

42.854 
167.16 
971.21 
16808.08 


ice) 


3(4 +B). 


ee ie 
OD OI DARAD 
ON W ORAM 


Angle of total polarization = 57° 10/.3, 4 


* This column gives the degree of polarization 


= 16.99. 


+ Columns 5 and 6 furnish a means cf 


determining 4 and B for other values of #. They represent the change in these quantities for a change of of o.o1. 
Taken from E. C, Pickering’s ‘‘ Applications of Fresnel’s Formula for the Reflection of Light.” 
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TaBLes 359-360. 
: REFLECTING POWER OF METALS. ; 
TABLE 359, — Perpendicular Incidence and Reflection. (See also Tables 352-355.) 


2098 


The numbers give the per cents of the incident radiation reflected. 


zercially Pure, 
Brass, 
(Trowbridge), 
Silver. 
Chemically Deposited. 


Wave-length, m. 
Silver-backed Glass, 
Mercury-backed Glass. 
Mach's Magnalium. 
6942+ 31M, 
Ross’ Speculum Metal. 
68.2Cw + 31.857, 
Nickel, 
Electrolytically Deposited. 
Copper. 
Electrolytically Deposited. 
Steel 
Untempered, 
Copper. 
Comm 
Platinum, 
ELlectrolytically Deposited, 
Gold, 
Llectrolytically Deposited. 


32Cu-+34Su-+ 29Ni-+ 5 Fe. 


Brandes-Schiinemann Alloy. 


to Go 
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Based upon the work of Hagen and Rubens, Ann. der Phys. (1) 352, 1900; (8) 1, 19023; (11) 873, 1905 
Taken partly from Landolt-Bérnstein-Meyerhoffer’s Physikalisch-chemische Tabellen. 


TABLE 360. — Percentage Diffuse Reflection from Miscellaneous Substances. 


Lamp-blacks. 


Wave- 
length 


Paint. 
Camphor. 
black 
electrol. 
Green leaves. 
Lead oxide. 
e 
Al. oxide. 
Zinc oxide. 
White Paper. 
Lead 
carbonate. 
Asphalt. 
Black velvet. 
Black felt. 
Red brick? 


Bie 


eee) 
= 
(or) 


mo OAK 
to lee) 
NI WW 


No 


DAvoo 

= 

A 
as 


LOWY 
onbN 

nh oom 
Dv = OS 


aN 
Cue) Ses 
x 


*Not monochromatic (max.) means from Coblentz, J. Franklin Inst. r9r2. Bulletin Bureau of Standards, 9, p. 283, 
1912, contains many other materials. 
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. TABLES 361-362. 
: 299 
REFLECTING POWER OF PIGMENTS. 
TABLE 361. — Percentage Reflecting Power of Dry Powdered Pigments. i. 


Taken from ‘‘The Physical Basis of Color Technology,” Luckiesh, J. Franklin Inst., r9t7. The total reflecting 
power depends on the distribution of energy in the illuminant and is given in the last three columns for noon sun, blue 
sky, and for a 7.9 lumens/watt tungsten filament. 


Spectrum color. : Green. Yellow. Orange. Red. 


lamp. 


Wave-length in u—_|o. 44/0. 46]0. 48]0. So]o. 52/0. 54/0. 56]0. 58]0. 60/0. 62/0. 64/0. 66]0. 68/0. 70 


~ | Sky light. 
| Tungsten 


American vermilion... . 
Venetian red 

Tuscan red 

Indian red 


H 
° 


H 
oo 0 


bow 
ORTHO RU WN 


oH 
DATA ANNOY 


Chrome yellow ochre. . . 
Yellow ochre 


is} 
to 


Chrome yellow light... . 
Chrome green light.... 
Chrome green medium.. 
Cobalt blue 


as) 
Hw 


| MgCOs3 
il lez Bike lead 
on paint. 


* Non-monochromatic means from Coblentz, Bul. Bureau Standards 9, p. 283, tor2. 44 

For the REFLECTING (and transmissive) power of ROUGHENED SURFACES at various angles of incidence, see Gorton, 
Physical Review, 7, p. 66, 1916. ‘A surface of plate glass, ground uniformly with the finest emery and then silvered, 
used at an angle of 75°, reflected 90 per cent at 444, approached 100 for longer waves, only ro at ry, less than 5 in the 
visible red and approached o for shorter waves. Similar results were obtained with a plate of rock salt for transmitted 
energy when roughened merely by breathing on it. In both cases the finer the surface, the more suddenly it cuts off 


the short waves. 


SMITHSONIAN TABLES. 


300 TABLES 363-365. f 


REFLECTING POWER. 
° TABLE 363.— Reflecting Power of Powders (White Light). 


Various pure chemicals, very finely powdered and surface formed by pressing down with glass plate. White (noon. 
sunlight) light. Reflection in per cent. Nutting, Jones, Elliott, Tr. Ill. Eng. Soc. 9, 593, 1914. 


Aluminum oxide............ 83.6 Magnesium carbonate...... 86.6 Sodium chloride............ 78.1 
Barium sulphate............ 81.1 S cf block) 88.0 Sodium sulphate............ 7G 
IBOLAX Sen Sau oie eh resininn aver 81.6 Magnesium oxide.......... 85.7 Starch) :es0 fe. cater oe 80.3 
BOLIC Aids metre ores 83.2 Rochellé:salts-ohemee.ceaeee 79.3 SUBAD re eapricier tite tere eet 87.8 
Calcium carbonate.......... 83.8 Salicylic acid... ;tie ss eeiesar Geet Vartaricjacidsas...ccclonsee oe One 
Gitricvacid eae an. ee eet 81.5 Sodium carbonate.......... 81.8 


TABLE 364. — Variation of Reflecting Power of Surfaces with Angle. 


Illumination at normal incidence, 1} watt tungsten lamp, reflection at angles indicated with normal. Ill. Eng. Soc., 
Glare Committee, Tr. Ill. Eng. Soc. 11, p. 92, 1916. 


Angle of observation, 


Magnesium carbonate block 
Magnesium oxide 

Matt photographic paper 
White blotter 

Pot opal, ground 

Flashed opal, not ground 
Glass, fine ground 

Glass, course ground 

Matt varnish on foil 


H 


Ob ah) 
Srisises ent | | | 
re} 


COHO 


%# 000000000 


w 

ies} 

fo.) 
9990990000 


B900000000 
#090000000 
999099090000 
09999990900 


The following figures, taken from Fowle, Smithsonian Misc. Col. 58, No. 8, indicate the amount of energy 
scattered on each side of the directly reflected beam from a silvered mirror; the energy at the center of the 
reflected beam was taken as 100,000, and the angle of incidence was about 3°. 


8/ Io’ r5/ 20! 30’ ast 60” 100! 
244 146 107 66 33 22 EE 


Wave-length of max. energy of Nernst lamp used as source about 2. 


TABLE 365. — Infra-red Reflectivity of Tungsten (Temperature Variation). 


_ Three tungsten mirrors were used, — a polished Coolidge X-ray target and two polished flattened wires mounted 
in evacuated soft-glass bulbs with terminals for heating electrically. Weniger and Pfund, J. Franklin Irst. 


: Per cent increase in reflectivity in 
Wave- Absolute reflec- going from room temperature to 
length tivity at room 
in pL. temperature 
im per cent. 


1377° K | 1628° K | 1853°K 


+6.0 


AnwOOn 


See also Weniger and Pfund, Phys. Rev. r5, P- 427, I9IQ. 
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TABLE 366. 
TRANSMISSIBILITY OF RADIATION BY DYES. 


Percentage transmissions of aqueous solutions taken from The Physical Basis of Color Technolory) Luckiesh, ip 
Franklin Inst. 184, 1917. 
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Spectrum color > Violet. Blue. : : Orange. 


Wave-length in u > : 46 


Carmen ruby opt 

Amido Daghihel red 
Coccinine 

Erythrosine 

Hematoxyline 

Alizarinered 

Acid rosolic (pure) 

Rapid filter red 

Aniline red fast extra A...... 
Pinatype red fast 


H 
is} 


Mitt led | I 
Vel esses |) atte 


Ll leula 


Rose bengal 
Cobalt nitrate 


HO 
oH 


ioe ne | 


fre | I) Westeres) I] 


Sell 1lenee lt] 


w 


Tartrazine 

| Chrysoidin 

Aurantia 

Aniline yellow phosphine 

BP WOveS Ce es ciciste sot, case ok 
Aniline yellow fast S 

Methyl orange indicator 
Uranine 

Uranine naphthaline 

Orange B naphthol 

Safranine 

Martius gelb 

Naphthol yellow 

Potassium bichromate, sat... . 
Cobalt chromate 
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mn 
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Wes th ya 
[esssueliss) tee 


i Dea tie ieee Tk 


H 
“I 


Naphthol green 

Brilliant green 

Filter blue green 
Malachite green 
Saurgriin 

Methylengriin 

Aniline green naphthol B 
Neptune green 

Cupric chloride 


Turnbull’s blue 
Victoria blau 

Prussian blue (soluble) 
Wasser bl; 


SW es 


eri ll 
elle 


la % 
w 
a 
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oO 


faAuUBH 


H 


| H 
HH 
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| 
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an 
~ 
op, 


Magenta 

Gentiana violet 

Rosazeine 

Todiné (dense) 

| Rhodamine B 
Acid violet 

Cyonine in alcohol 

Xylene red 

Methyl violet B 


For the infra- red transmission (to 12M) and reflection powers of a number of aniline dyes, see Johnson and Spence, 
Phys. Rev. 5, p. 349, 1915. 
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302 ' TasBles 367-369. 
TRANSMISSIBILITY OF RADIATION BY JENA GLASSES. 


TABLE 367. 
Coefficients, a, in the formula J+ = J,at, where J, is the Intensity before, and /¢ after, 
transmission through the thickness t. Deduced from observations by Miller, Vogel, 
and Rubens as quoted i in Hovestadt’s Jena Glass (English translation). 


Coefficient of transmission, @. 


Unit. 7—7.dm. j 
375K) 3994) . 434.é@ | 436m) 4554 | “477 & 


‘O 340, Ord. light flint : cA:50))|( 8. ‘ | .680 | .834 | .880 
O 102, H’vy silicate flint CPE || : 566 | .663 | .700 
OFox Ord: ad vi - - .714 | .807 | .899 
Ooze “ crown) |. : ‘ : c 822 | .860 
O 598, (Crown) - - : ; yp! 


| | 
Unit t=1 cm, if [es | 2 ee lee dae 


S 204, Borate crown itgerey || 4 4 ele) 
S179, Med. phosp. cr. = : : gO 
() 1143, Dense, bor. sil. cr. | .98 a 
O 1092, Crown OO OORn e 99 
Oh rtingtin a I ee: -99 
O 451, Light flint LOOM aoe 
O 469, Heavy “ ia = 
O geo, © 

S 163, “é “ 


TABLE 368. 


Note: With the following data, ¢ must be expressed in millimeters ; i. e. the figures as given 
give the transmissions for thickness of 1 mm. 


Wave-length in pz. 


No. and Type of Glass. Visible Se Ultra-violet Spectrum. 


i l 
| 
578m |-546 509 H |.480 4 |. : . +361 M |.340M 332M /.309 ph |. 


F 3815 Dark neutral : oA || eye |) 2 34 
F 4512 Red filter : 05 
F 2745 Copper ruby > | eee ier ; 45 
F 4313 Dark yellow : cOvmtat 83 | .09 
F 4351 Yellow ( EO7ane : 44 
F 4937 Bright yellow Hey ise) 1 C 74 
F 4930 Green filter 17 | .50 | .64 |. 44 
F 3873 Blue filter - 3 50 
F 3654 Cobalt glass, 

transparent for outer 

red : 44 


F 3653 Blue, ultraviolet sit 
F 3728 Didymium, str’g 
bands 


This and the following table are taken from Jenaer Glas fiir die Optik, Liste 751, 1909 


TABLE 369, — SLi dialed by Jena Ultra-violet Glasses. 


No. and Type of Glass, | Thickness, | 0.397 @ 38 0.361 M | 
| | | 


UV 3199 Ultra-violet mm. 1,00 


mm. 0.99 
Ss dm. 0.95 
UV 3248 mm. 1.00 
x 2mm. 0.98 
s 1 dm. 0.96 
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TABLE 370. f 
393 
TRANSMISSIBILITY OF RADIATION BY GLASSES. 


The following data giving the percentage transmission of radiation of various substances, 
mostly glasses, are selected from Spectroradiometric Investigation of the Transmission of Vari- 
ous substances, Coblentz, Emerson and Long, Bul. Bureau Standards, 14, p. 653, 1918. 


Transmission per cents. 


Glass or substance, manufacturer. Wave-lengths in pw. 


Purple fluorite 
Gold film on Crooke’s glass. . . 
crown glass 


ce “ee “ce 


Molybdenite 
Cre(SO4)3.18 H.O 
Chrome alum, to g to 100 g H.O 
CoCl, 10 g to 100 g H,O 
GLASSES: 
Copper ruby, flashed 
G24, Corning, red 
Schott’s red, No. 2745 
G34, Corning, orange 
Pyrex, Corning 
Noviol, B, Corning, yellow... 
| Novieweld3, Corning, dk-yellow 
Schott’s 43111, green 
G1710N, green, Corning 
G174J, Corning, heat abs’b’g.. 
Gr24JA, Corning 
Cobalt blue 
Schott’s F3086, blue... 
G4o13, Corning, blue 
G584, Corning, blue 
G1711Z, Corning, blue... 
Amethyst, C, Corning 
G172BWs5, Corning, red-purple 
Crooke’s A, A. O. Co 

«“ , sage green 30, A. O. Co 
Lab. 58, A. O. Co 
ops Bie Ono 


Je orterone 


H OD 
OrnW 


= 


is) 
NP ODDWMONFAHOO 


HAIN POOWERWW 


tS ~ 
HwWOOORONHBPH 
nN 


Ne) 


HDNIWUMUNYTHHOODOODOIDAODADOAOHONOOON 


~I CO \o 
DAOn O 


©!) 1070:07.0' 10 10501.0) 070) 00 'O10).00 OF 070L0n0) 0 


Akopos green, J. K.O.Co..... 


‘Oo 
H 
H 
1e) 


Manufacturers: Corning Glass Works, Corning, N. Y.; A. O. Co., American Optical Co., 
Southbridge, Mass.; J. K. O. Co., Julius King Optical Co., New York City. For other glasses 
see original reference. See also succeeding table, which contains data for many of the same 
glasses. 
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304 TABLE 371. 
‘TABLE 371. — Transmission of the Radiations from a Gas-filled Tungsten Lamp, the Sun, a 
Magnetite Arc, and from a Quartz Mercury Vapor Lamp (no Globe) through Various 
Substances, especially Colored Glasses. 


Transmission, per cent. 


Trade name. , Quartz | Mag- 
mercury | netite 
vapor.t arc. 


Fieuzal, B 
Fieuzal, 63 
Fieuzal, 64 
Euphos 
Euphos, B 
Akopos green 
Hallauer, 65 
Hallauer, 64 
Smoky green G 124, IP 
Yellow-green.......| Noviweld, 30% 

G Ss Noviweld, shade 3 
Noviweld, shade 44 
Noviweld, shade 6 
Noviweld, shade 7 


nd 


hese ee ee 


me) 


elelelelelel. 
Nb CONT 


4444eereonononnatson0dsas’ “seaaases mie 


Saniweld, dark 


G 34 
Noviol, shade A 
Noviol, shade B 
Noviol, shade C 
Sage green Ferrous No. 30 
Yellow-green No. 61 
Blue-green Lab. No. so 

«“ “ ie 124 JA 
Smoke, C 
Smoke, D 
Crookes, A 
Crookes, B 
Pfund : 
Pfund 
Lab. No. 58 
Lab. No. 57 
Shade C 
Electric smoke 


OAKKHA KH WHOUUIOOWS 
w 
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OHAWO DR HRUH AWDOWN OD 
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Blue, dark 
Blue-green 
Blue-green, pale... . 
Red-purple 
Blue-purple 
Selenium 


Flashed 
Window 
Crown 


WBNHWRWWHHNHHNDNNH 
WORD HO AP AO 


“olelelelote) 


POW m MWe. 
NNNNNDS 
 & 


DOHROND OCOUNKWOIORHWOOWKROHOKAW ON 


* A. O. C., Amer. Optical Co., Southbridge, Mass.; C. G. W., Corning Glass Works, Corning, N. Y.; B. & Le 
Bausch & Lomb, Rochester, N. Y.; J. K., Julius King Optical Co., New York City; F. H. E., F. H. Edmonds, optician, 
Washington, D. C.; B.S., Bureau of Standards; scrap material, source unknown. 


} Infra-red radiation absorbed by quartz cell containing 1 cm layer of water. Taken from Coblentz-Emerson & 
Long, Bul. Bureau Standards, 14, 653, 1018. 
¢ Transmission of 1 cm cell having glass windows. 
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TABLE 372. 305 
TRANSMISSIBILITY OF RADIATION. : 

Transmissibility of the Various Substances of Tables 330 to 338. 

Alum: Ordinary alum (crystal) absorbs the infra-red. 
Metallic reflection at 9.054 and 30 to 4ou. 
Rock-salt : Rubens and Trowbridge (Wied. Ann. 65, 1898) give the following transparencies for 
a Icm. thick plate in %: 
18 | 19 


Gol 99:51) .09:5) |) 69:31) 97-0 | 93.0 1) 84.6 | 66.1 51.6 | 27.5 | - 9.6 


Pfliiger (Phys. Zt. 5. 1904) gives the following for the ultra-violet, same thickness: 280um, 95.5% ; 
BRT SOs 210; 77745 180; 70%. : 
Metallic reflection at 0.110, 0.156, 51.2, and 87. 


Sylvine: Transparency of a 1 cm. thick plate (Trowbridge, Wied. Ann. 60, 1897). 


r 9 fe) II 12 13 14 | 15 16 17) | 18 | 19 | 20.7 


% | 100. | 98.8 . IS: 


99-0 | 99-5 | 99:5 | 97-5 | 95-4 | 93-6 | 92. | 86. | 76. | 58. 


Metallic reflection at 0.114, 0.161, 61.1, 100. 


Fluorite: Very transparent for the ultra-violet nearly to o.Tm. 
Rubens and Trowbridge give the following for a 1 cm. plate (Wied. Ann. 60, 1897) : 


Metallic reflection at 24m, 31.6, 40m. 


Iceland Spar: Merritt (Wied. Ann. 55, 1895) gives the following values of & in the formula 
T——3,e5~4 (qd in).cm:)): 
For the ordinary ray: 


siopfean || “eke herria 2.30 | AR || ehisey || ekere) ||| AHO | 2.74 


0.03 | 0.13 | 0.74 |. 1.92 | BOS) | eG || ee | diez! || Baste 


2.83 | 2.90 | 2.95 | 3.04 BQOme 3-47 3-020 le 3-OOn ms OOminr 4.2.5 | 4.52 | 4.83u 


1.32 | 0.70 | 1.80 | nope || gly \\ SGyA || CYO 18.6 i) 6.6 : 6.1 


BIO@ |e 2 Ome 3:-BOul| 350) 3.76 | 3-90 | 4.02 | 4.41 | 4.67 


We Quali Z:OA pal aici 0.89 | 1.07 


r | aor | 5.04 | 5.34 | 5.5m 


R ice |) Panis |) alla 12.8 


Quartz: Very transparent to the ultra-violet ; Pfliiger gets the following transmission values for 
a plate 1 cm. thick: at 0.2224, 94.2%; 0.214, 923 0.203, 83.6; 0.186, 67.2%. 
Merritt (Wied. Ann. 55, 1895) gives the following values for £ (see formula under Iceland Spar) : 
For the ordinary ray : 


r 2.72 | 2S aalee-OS ie S-O7 ale Sili7™ len3-3o) sing O7 


3.96 | 4.12 | 4.50n 


R 0.20 | 0.47 | 0.57 | 0.31 


Ore) || py | 1Ats 


1.61 | 2.04 | 3.41 | 7.30 


For the extraordinary ray : 


r owl || Asse) || Bele || eels) ||| gets | 3-43 | 3:52 | 3-59 | 3-64 | 3-74 | 3.91 | 4.19 


hk ou) || Oya || Ck |) GAS || Casi |) CHE || CHS 


figs) | Vissias || ilo) || ee? || aie | 


For A>7 m, becomes opaque, metallic reflection at 8.504, 9.02, 20.75-24.4m, then trans- 
parent again. ; 
The above are taken from Kayser’s ‘‘ Handbuch der Spectroscopie,”’ vol. iii. 
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TaBLesS 373-374. 
TRANSMISSIBILITY OF RADIATION... 


TABLE 373, — Color Screens. 


The following light-filters are quoted from Landolt’s “ Das optische Drehungsvermogen, etc.” 1898. 
Although only the potassium salt does not keep well it is perhaps safer to use freshly prepared 
solutions, 
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Grammes of | Optical cen- “ye 
Water solutions of _ Substance | tre of band, Transmission. 
1n 100 c.cm, ied 


{ begins about 0.718y. 
| ends sharp at 0.639. 


Crystal-violet, 5BO 0.005 0.6659 
Potassium monochromate IO. 
Nickel-sulphate, Ni5O4.7aq. 30. 0.5919 | 0.614-0.574M, 


Potassium monochromate 10. 
Potassium permanganate 0.025 
Copper chloride, CuClg.2aq. 60. 0.5330 | 0-540-0.505u 
Potassium monochromate IO. 

Double-green, SF : 0.4885 } peat a 
Copper-sulphate, CuSO4.5aq. | IS. Sa 
Crystal-violet, 5BO 0.4482 | 0.478-0.410" 
Copper sulphate, CuSOg,.5aq. 15. 


. TABLE 374, —Color Screens. 


The following list is condensed from Wood’s Physical Optics : 

Methyl violet, 4R: (Berlin Anilin Fabrik) very dilute, and nitroso-dimethyl-aniline transmits 0.365u. 
Methyl violet + chinin-sulphate (separate solutions), the violet solution made strong enough to 
blot out 0.4359, transmits 0.4047 and 0.4048, also faintly 0.3984. 

Cobalt glass + aesculin solution transmits 0.4359u. 

Guinea green B extra (Berlin) + chinin sulphate transmits 0.491 6u. 

Neptune green (Bayer, Elberfeld) + chrysoidine. Dilute the latter enough to just transmit 0.5790 
and 0.5461; then add the Neptune green until the yellow lines disappear. 

Chrysoidine + eosine transmits 0.57904. The former should be dilute and the eosine added until 
the green line disappears. 

Silver chemically deposited on a quartz plate is practically opaque except to the ultra-violet region 
0.3160-0.3260 where 90% of the energy passes through. The film should be of such thickness 
that a window backed by a brilliantly lighted sky is barely visible. 

In the following those marked with a * are transparent to a more or less degree to the ultra-violet : 

* Cobalt chloride: solution in water, — absorbs 0.50-.534; addition of CaClz widens the band to 
0.47-.50. It is exceedingly transparent to the ultra-violet down to 0.20. If dissolved in methyl 
alcohol + water, absorbs o.s50-.53 and everything below 0.35. In methyl alcohol alone 0.485- 
0.555 and below 0.40u. 

Copper chloride: in ethyl alcohol absorbs above 0.585 and below 0.535 ; in alcohol + 50% water, 
above 0.595 and below 0.37. 

Neodymium salts are useful combined with other media, sharpening the edges of the absorption 
bands. In solution with bichromate of potash, transmits 0.535-.565 and above o.6on, the bands 
very sharp (a useful screen for photographing with a visually corrected objective). 

Praesodymium salts: three strong bands at 0.482, .468, .444. In strong solutions they fuse into a 
sharp band at 0.435-.485u. Absorption below 0.34. 

Picric acid absorbs 0.36-.424, depending on the concentration. 

Potassium chromate absorbs 0.40-.35, 0.30-.24, transmits 0.23. 

* Potassium permanganate: absorbs 0.555-.50, transmits all the ultra-violet. 

Chromium chloride: absorbs above 0.57, between 0.50 and .39, and below 0.334. These limits 
vary with the concentration. 

Aesculin: absorbs below 0,363u, very useful for removing the ultra-violet. 

* Nieee cinerea very dilute aqueous solution absorbs 0.49-.37 and transmits all the 
ultra-violet. 

Very dense cobalt glass + dense ruby glass or a strong potassium bichromate solution cuts off 
everything below 0.70 and transmits freely the red. 

Iodine: saturated solution in CSg is opaque to the visible and transparent to the infra-red. 
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TABLES 375, 376. 307 


TRANSMISSIBILITY OF RADIATION. 
TABLE 375, —Color Screens. Jena Glasses. 


Kind of Glass. aes i Region Transmitted. 


Copper-ruby . .| 2728 |Deep'red . . . .|Onlyredtoo.6y. 

Gold-ruby . . .) ggg! Red... . ...| { Reds yellow, in thin layers also 

Red, yellow, green to E,; in 
thin layer also blue 


Pranumy ~~.) 45445) Bright yellow.) 


m | ) Bright yellow,, fluo- 
455 ) resces. 


Nickel . . . .| 440™ | Bright yellow-brown 


“ 


Red, vellow, green (weakened), 
} blue (very verbs rf 
Chromium . .| 414™|Yellow-green . . ./Yellowish-green . 5 
“« . . . .| 433% |Greenish-yellow . .| Red, green; from 0.6s- “SO é 
(Greentcopper., =| 4904) |Greeni |e) Green, yellow, some red and blue . 
Chromium. . .| 432™)Yellow-green . . ./Y ellowish-green, some red 
Copperchromium| 436"!|}Grass-green .*. .|Green . . 
Green-filter . .| 437"'|Dark green. . . .|Green (in thin sheets some blue) . 
ee ies. «| Agora US eee Ce IKE eG.) aa Bo 
Copper. . . .| 2742 |Blue,as CuSO, ~. ./Green, blue, violet 
Blue-violet . .| 447%) Blue, as cobalt glass | Blue, violet » : 
ea ie a Blue, violet, blue- -preen (weak- 
aa } ened), 70 red { 
Cobalt. = ~. +.|- 4240 iBluew. wi... = i Bluesviolet, extreme red! 
Nickel eon. | 4sou Dark violet . . . .! Violet (G-H), extreme red 
Wiolet Siren 2 ../}: 4igeu alam: . . .| Violet (G-H), some weakened . 
44qut twee no fe 


445 So ablescotor All parts of the spectrum weakened é 


See “ Uber Farbgliser fiir wissenschaftliche und technische Zwecke,” by Zsigmondy, Z. fiir In- 
strumentenkunde, 21, 1901 (from which the above table is taken), and “ Uber Jenenser Licht- 
filter,” by Grebe, same volume. ; 

(The following notes are quoted from Everett’s translation of the above in the English edition of 
Hovestadt’s “ Jena Glass.’’) 

Division of the spectrum into complementary colors : 

Ist by 2728 (deep red) and 2742 (blue, like copper sulphate). 
2nd by 454!" (bright yellow) and 447" (blue, like cobalt glass). 
grd by 433” (greenish-yellow) and 424"! (blue). 
Thicknesses necessary in above: 2728, 1.6-1.7 mm.; 2742, 5; 454,16; 447™, 1.5-2.0; 433)", 
2.5-3.5; 4247, 3 mm. 
Three-fold division into red, green and blue (with violet) : 
2720, 17mm. ; 46405 tommy; 4474 1. 5 mm., or by 
725 ule7mn. ss 430 ene. 6mm.; AG ee oats 

Grebe found the three following glasses specially suited for the additive methods of three-color 

projection : 
2745, red; 438%", green; 447, blue violet ; 
corresponding closely to Young? s three elementary color sensations. 

Most of the Jena glasses can be supplied to order, but the absorption bands vary soméwhat in 
different meltings. 

See also “Atlas of Absorption Spectra,” Uhler and Wood, Carnegie Institution Publications, 1907, 


TABLE 376.—Water, 


Values of ain [==], 6 °4, dinc. m. Ip;TI, intensity before and after transmission. 


Wave-length jis Wi) piers : é sills : A E .200 | 300 415 


| 


a .068 F ies : . . | 0032 | .0025 | .0O15 | .00035 


Wave-length p, |. 450 | 4! ; 5 i : eT ; 945 


First 9; Kreusler, Drud. Ann. 6, 1901; next Ewan, Proc. R. Soc. 37, 1894, Aschkinass, Wied Ann. 
55, 1895; last 3, Nichols, Phys. GV. uate 

See Rubens, Ladenburg, Verk. D. Phys. Ges., p. 19, 1909, fer Brice coefs., reflective power and 
index of refraction, 1 M to 18 #&. 
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308 ; TABLE 377. 
TRANSMISSION PERCENTAGES OF RADIATION THROUGH MOIST AIR. 


(For bodies at laboratory temperatures; for transmission of shorter-wave energy, see Table 553.) 


The values of this table will be of use for finding the transmission of energy through air containing a known amount 
of water vapor. An approximate value for the transmission may be had if the amount of energy from the source be- 
tween the wave-lengths of the first column is multiplied by the corresponding transmission coefficients of the subse- 
quent columns. The values for the wave-lengths greater than 18u are tentative and doubtful. Fowle, Water-vapor 
Transparency, Smithsonian Misc. Collections, 68, No. 8, 1917; Fowle, The Transparency of Aqueous Vapor, Astro- 


physical J. 42, p. 304, 1915. j 


Range of 


pelcnctie Precipitable water in centimeters. 


[a be : _ ; : .O; - : A .50 


* * 
CI AnNH&WNHHHHO 
aAvyor 
Aon 
a 
(e) 
O ONIANRWNH HHH 


* These places require multiplication by the following factors to allow for losses in CO2 gas. Under 
average sea-level outdoor conditions the COz (partial pressure = 0.0003 atmos.) amounts to about 0.6 gram 
per cu.m. Paschen gives 3 times as much for indoor conditions. 

2M to 3M, for 2 grams in m path (95); for 140 grams in me path (93)3 


a (oe 
93); 
13 “ 14, slight allowance to be made; 
14 ‘‘ 15, 80 grams in m? path reduces energy to zero; 
rs “ 16, “ee “ce “ “ “e “ce “ ce “ce 
+ These places require multiplication by 0.90 and 0.70 respectively for one air mass and 0.85 and 0.65 
for two air masses to allow for ozone absorption when the radiation comes from a celestial body. 


(70); more COs no further effect; 


In the above table italicized figures indicate extrapolated values. 
F. Paschen gives (Annalen d. Physik u. Chemie, 51, p. 14, 1894) the absorption of the radiation from a blackened 
strip at 500° C by a layer 33 centimeters thick of water vapor at 100° C and atmospheric pressure as follows: 


Wave-length...... niece soooo 2.20-3.I0M 5-33-7-67m6 7.67-10(?)u 
Percentage absorption......... 80 04 94-13 


The following table, due to Rubens and Aschkinass (Annalen d. Physik u. Chemie, 64, p. 508, 1808), gives the 
absorption of radiation from a zircon burner by a layer 75 centimeters thick of water vapor saturated at 100° C. This 
amount of vapor is about equivalent to a layer of water 0.45 millimeter thick or to 1.5% of the water in a total vertical 
atmospheric column whose dew point at sea-levelis 10°C. The region of spectrum examined includes most of the 
region of terrestrial radiation. 


Wave-length..:....+-...-- 7. OM 8.04 Q.0-12.0M4 I2.4u 12.8u TS). I 
Percentage absorption. .... 75 40 6 20 13 Sok oe 
Ware-length...ites cies asin I4.3M I5.0u I5.7M 16.04 17.5 zee 20. 
Percentage absorption..... 43 35 65 2 3 ee to) 
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TABLES 378-379. 
REFLECTION AND ABSORPTION OF LONG-WAVE RADIATIONS. 
TABLE 378.— Long-wave Absorption by Gases. 


rary otherwise noted, gases were contained in a 20 cm long tube. Rubens, Wartenberg, Verh. d. Phys. Ges. 
13, P. 700, Tort. 
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Percentage absorption. Percentage absorption. 


,cm | 


Long \, 
Hg lamp. 


Long A. 
Hg lamp. 


23 | 52m | ITM 


Fil- 
tered, 
314p 


Pressure, cm 


Pressure 


66.7 
100 
100 
100 
100 

49. 

Io. 

84. 

94. 

49. 


* Tube 40 cm long. + Pentane vapor, pressure 36 cm. 


TABLE 379.— Properties with Wave-lengths 108 = uw. 


Rubens and Woods, Verh. d. Phys. Ges. 13, p. 88, 1911. 
With quartz, 1.7 cm thick: 60 to 80m, absorption very great; 63u, 90%; 82M, 97.5; 97M, 83. 


(a) PERCENTAGE REFLECTION. 


Rock 
salt. 


Fluo- 


Kl rite. 


Wave-length. Ze Marble. Silvine. | KBr Glass) |e Water. 


Alcohol. 


— 25.8 
43.8 20.3 


* Restrahlung from KBr. + Isolated with quartz lens. 


(6) PERCENTAGE TRANSPARENCY. 
Uncorrected for reflections. 


Thickness 
: precipi- 
Thickness. Rabie 
liquid. 


Thickness. |Transparency. Liquid. 


Ethyl alcohol...... 
Ethyl ether....... 


Ao ao 


Quartz || axis 
Quantzyamorphiern.. cn « 


H 
BHI NHOOWNHOOW 


H 


OR ORWWWHA 


(c) TRANSPARENCY OF BLAck ABSORBERS. 


Method and wave-length. 


.025 mm thick. 


Black silk 
paper, 


Opaque black 
paper, 
o.1r'mm thick. 


Black card- 
board, 
o.4 mm thick. 


Spectrometer 


_ Fluorite “restrahlung” 
Rock salt “restrahlung”’ 
Quartz lens isolation 
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310 Tas.es 380, 381.— ROTATION OF PLANE OF POLARIZED LIGHT. 


TABLE 380,—Tartaric Acid; Camphor; Santonin; Santonic Acid; Cane Sugar. ; 

A few examples are here given showing the effect of wave-length on the rotation of the plane of polarization. The 
rotations are for a thickness of one decimeter of the solution. The examples are quoted from Landolt & Born- 
stein’s ‘‘Phys. Chem. Tab.’? The following symbols are used :— 

p= number grams of the active substance in roo grams of the solution. ona 
(eas “ec “ef solvent “oe “ . ae 
f= active ce 
Right-handed rotation is marked +, left-handed —. 


“ “ “ cubic centimeter “‘ 


Camphor,* CypH4,0, 
dissolved in alcohol. 
g = 50 to 95, 
temp. = 22.9” C. 


Wave-length 

according to 
ngstém in 

cms. X 109, 


Tartaric acid,* CyH,Og, 
dissolved in water. 
7=50 to 95, 
tenipy 242. 


Santonin,t C);H,,0s, 
dissolved in chloroform. 
7 =75 to 96.5, 
temp. = 20° C, 


Line of 
spectrum. 


68.67 
65.62 
58.92 
“52.69 
51.83 
51.72 


—140°.1 + 0.20859 
— 149.3 + 0.15559 
— 202.7 +0.3086¢ 
— 285.6 + 0.58209 
— 302.38 + 0.6557 7 


38°.549 — 0.08529 
51.945 — 0.0964 7 
74-331 — 0.1343 7 


+ 2°.748 + 0.09446 g 
+ 1.950 + 0.13030 9 
+ 0.153 + 0.175149 


79-348 — 0.1451 9 
99.601 — 0.1912 g 
149.696 — 0.2346 g 


— 0.832 + 0.19147 7 
48.61 — 3-598 + 0.23977 ¥ 
43.53 — 9.057 + 0.31437 ¥ 
[ea as ied eh lh san 


— 365.55 + 0.8284 9 
— 534-98 + 1.52407 


Race lolol) 


Santonin,t Cy;H4,0s, * 
dissolved in alcohol. 
C= ie7 S25 


Santonin,t+ C,;H,3Os3, 


dissolved in 
chloroform 


dissolved in 
alcohol. 
c = 4.046. 


Santonic acid,t 
Cy5H 04, 
dissolved in 
chloroform. 


Cane sugar,? 
CyoH 9011, 
dissolved in 

water. 


temp. = 20° C. Aide 'C—=27-192. =a 
P tenip. — temp. — 20° C. ~=10 to 30. 


Eta, On 


47°.56 
52.70 
60.41 
84.56 


87.88 


101.18 


— 49° 
eA 
—74 
—— LO 


131.96 


Arndtsen, ‘f Ann, Chim. Phys.” (3) 54, 1858. 
Narini, “‘ R. Acc. dei Lincei,”’ (3) 13, 1882. 
Stefan, ‘‘Sitzb. d. Wien. Akad.” 52, 1865. 


TABLE 381.—Sodium Chlorate; Quartz. 


Sodium chlorate (Guye, C. R. 108, 1889), Quartz (Soret & Sarasin, Arch. de Gen. 1882, or C. R. 5, 1882).* 


Spec- 
trum 
line. 


Spec- 
trum 
line. 


Spec- 
trum 
line. 


Wave- 
length. 


Rotation 
per mm. 


Wave- 
length. 


Wave- 
length. 


Rotation 
per mm. 


Rotation 


Temp. 
(@ per mm. 


15.0 12°.668 
17.4 
20.6 


71.769 
67.889 
65.073 
59.085 
53-233 
48.912 
45-532 
42.834 
40.714 
38.412 
37-352 
35-818 
33-931 
32.341 
30.645 
29.918 
28.270 


25.035 


76.04 
71.836 
68.671 | 


63°.628 
64.459 
69.454 
70.587 


o'@ 


65.621 


55.951 


3.9 72.448 
58.891 


74.571 
78.579 
80.459 


QOS 
3 G2 G3 
pqs 


Lom 
ae 


52.691 
48.607 | 
43.072 


Itin 


— 


84.972 
121.052 
143-266 
190.426 


Zac 


— 


AI.012 
39-081 


222 


39-333 


ty WwW WOO 


Guim 4 
HW BRA 
Na Oo 

eg oo 


AHO 


201.824 
220.731 


235:07/2 


38.196 | 
57 262 


NNN 
me eH 
BOD 
Wot 
eon 


* The paper is quoted from a paper by Ketteler in ‘‘ Wied. Ann.” vol. 21, p. 444. The wave-lengths are 
the Fraunhofer lines, Angstrém’s values for the ultra violet sun, and Cornu’s values for the cadmium lines. 
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for 


TABLE 382. — ELECTRICAL EQUIVALENTS. 311 


Abbreviations: int’n’l, international; emu, electromagnetic units; esu, electrostatic units; 
cgs, centimeter-gram-second units. (Taken from Circular 60 of U.S. Bureau of Standards, 
1916, Electric Units and Standards.) 


RESISTANCE: CAPACITY: 


I international ohm = 
.00052 absolute ohms 
. 0001 int’n’l ohms (France, before 1911) 
.0cor6 Board of Trade units (England, 

1903) 

.01358 B. A. units 
. 00283 “legal ohms”’ of 1884 
.06300 Siemens units 


rt international farad = 
0. 99948 absolute farad 


t absolute farad = 
1.00052 int’n’l farads 
t “practical”? emu 
10’ cgs emu 
8.9892 X rol! cgs esu 
t absolute ohm = 
©. 99948 int’n’l ohms ee 
1 “ practical’? emu 
ro* cgs emu 
I. 1124 X Io # cgs esu 


I international henry = 
1.00052 absolute henries 


t absolute henry = 
9. 99948 int’n’l henry 
r international ampere = : 5 ate a 
99991 absolute ampere : ae vs Ae eae ts 
. 00084 int’n’l amperes (U.S. before 1911) eee 8 
. 00130 int’n’] amperes (England, before 
1906) ENERGY AND POWER: 
we et re ene nes (standard gravity = 980.665 cm/sec/sec.) 
As her _| z international joule = 
pacts int’n’! amperes (England, 1909 Mey hetiteoules 


Bey int’n’l amperes (Germany, before a eclute fouless 


I .o002int’n’lamperes (France, before 1911) ot ees int’n’l joule F 


CURRENT: 


at ©. 737560 standard foot-pound 
absolute eRe: Pomcncs 0. 101972 standard kilogram-meter 
mass Beacticsl ” an 0. 277778 X Io © kilowatt-hour 
o. I cgs emu 
2.9982 X 10° cgs esu RESISTIVITY: 


1 ohm-cm = 0. 393700 ohm-inch 
10,000 ohm (meter, mm”) 
12,732.4 ohm (meter, mm) 
.00043 absolute volts 393,700 microhm-inch 
. 00084 int’n’l volts (U. S. before 1911) 1,000,000 microhm-cm 
.oor30 int’n’l volts (England, before = 6,015,290 ohm (mil, foot) 
1906) ’ 
.00106 int’n’l volts (England, 1906-08) | t ohm (meter, gram) = 5710.0 ohm (mile, 
I.0ooro int’n’l volts (England, 1909-10) pound) 
1.00032 int’n’] volts (Germany, before 
1gIt) MAGNETIC QUANTITIES: 
I.00032 int’n’l volts (France, before 1911) 


ELECTROMOTIVE FORCE: 


I international volt = 


tot wood 


r int’n’] gilbert = 0.99991 absolute gilbert 

t absolute volt = rt absolute gilbert = 1. 00009 int’n’l gilberts 
0.99957 int’n’'l volt 1 int’n’] maxwell = 1. 00043 absolute maxwells 
t ‘‘ practical ’’ emu 1 absolute maxwell = 0. 99957 int’n’! maxwell 
108 cgs emu r gilbert = 0.7958 ampere-turn 
©. 0033353 Cgs esu 1 gilbert percm =o. 7958 ampere-turn per 

QUANTITY OF ELECTRICITY: mm ae ye eae ‘urns per 

(Same as current equivalents.) I maxwell | =1 line 

I international coulomb = = 10-8 volt-second 
1/3600 ampere-hour 1 maxwell per cm? = 6. 452 maxwells per in? 
1/96500 faraday 
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az Tame 383. 
COMPOSITION AND ELECTROMOTIVE FORCE OF VOLTAIC CELLS. 


The electromotive forces given in this table approximately represent what may be expected from a cell in good work- 
ing order, but with the exception of the standard cells all of them are subject to considerable variation. 


(a) Dovsre Frum CELLs. 


Positive 
pole. 


Name of 


ee Solution. 


Negative pole. Solution. 


Bunsen. .| Amalgamated zinc ie oc Carbon | Fuming H2NO3 


ef HNOs, density 1.38 
to 25 parts of 


Chromate . H2SOx4 and 100 
parts H2O0 . 3 


12 parts KgCr2O07 
I part H2SO,4 to t 
12 parts H2O 


I part HgSOx4 to i 12 parts KgCr2O; 
12 parts H2O. to 100 parts H2O § 


Daniell * 4 parts H2,O | of CuSO4+5H20 


§ 
t 
I part HaSO,4 to § Saturated solution 
I part H2SOx4 to 

12 parts H2O . § 
5% solution of t 
ZnSO4+ 6H20 


j 
I part NaCl ae 
4 parts H2,O0 


H; t ’ 3 
} Deer. Platinum) Fuming HNO . 


Solution of ZnSO4 HNOs, density 1.33 


H2SOx, solution, 


density 1.136 . Concentrated HNO3 


H2SQOq solution, 


DA + sitv 22 
density 1.136 HNOs, density 1.33 


H,2SO,4 solution, 
density 1.14 .§ 


j N 
l j 
H2SOx,q solution, 
1 density 1.06 . 
j l 

l 


{ HgSO4 solution, } 
l. density 1.06 .§ 


NaCl solution. . density 1.33 


Paste of protosul- 


Sor vparW Eas OF te Carbon phate of mercury 
S) 


\ Oe 
Mee aty 1 12 parts H2,O § 


and water . 


| : 
Tanz aoe Solution of MgSO4 


olution of KgCr207 


* The Minotto or Sawdust, the Meidinger, the Callaud, and the Lockwood cells are modifications of the Daniell, 
and hence have about the same electromotive force. 
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TABLE 383 (continued). 3 12 
COMPOSITION AND ELECTROMOTIVE FORCE OF VOLTAIC CELLS. 


Negative E. M. F. 
pole. in volts, 


(b) Sincte Fiurp CE xts. 


| Carbon. ganese | 


Name of cell, Solution. Positive pole. 


Solution of sal-ammo- 
niac. 


Leclanche . . | Amal. zinc ie ie tt 


1.46 


l 
.§ |} peroxide with 
| powdered carbon J 
Solution of caustic { Copper. Depolar- 
eave potash ra (ize e CMO 5 so < 
Edison-Lelande e 


Chloride of silver 


0.98 


gh Ue saison of sal- } Silver. Depolari- 
: zer : silver chl’ride 
15% ¢ Carbon . 


| 
! 
i 
L 
| 
} 
| 


ammoniac . 
Law 


ts. plaster of paris, 

Dry c-ll (Gassuer) 2 Hs ZnClo,and water 
to make a paste . 
Poggendorff . .|Amal.zinc| ee, chromate a 
12 parts KeCreO, ae 

25 parts HySO4 + 

100 parts H2O 
I part H2SO4 ob 

12 parts H,O + 

I nee cause 
Woltarcoupletar. 9 |) Zinc y igus Copper 


“ae 


J. Regnault . Cadmium 


(¢) SranparpD CELLs. 


f Mercury. ) 
Wrectonnormal Pee | Saturated solution of } Depolarizer: paste ot 
* |) am’lgam CdSOx4 of HgeSOq and f 
CdSO4 ie) 
Mercury. 
Depolarizer: paste 
jp HgeSO4 and 
| ZnSO4 CeO 


Zinc || § Saturated solution of 
Clark standard . teen , 7nSO4 


(d) Seconpary CELLS. 


7 
Lead accumulator | Lead. . { 1,804 solution of i Bakara? ge a8 2.2t 


1.68 to 
Regnier (1). . .| Copper .| CuSO4,-+ HeSO. . . cp okom oe Bee 0.85, av- 
erage I.3. 
.|Amal. zinc}, ZnSO, solution. . . in HeSO4, . 2.36 
Amal.zinc| HeSO4 density ab’t 1.1 BIG Rowe I 2.50 
(oleae 
EichiSonier meen Lronuaina ic OlLuzo/ solution: A nickel oxide . of full 

( discharge. 


* The temperature formula is E, = Ey. — 0.0000406 (t — 20)—0.00000095 (t — 20)? + 0.00000001 (t — 20)3, 

¢ The value given for the Clark ale is the old one adopted by the Chicago International Electrical Congress in 1893- 
The temperature formula is E, = E,5; — 0.00rrg (t — 15) — 0.000007 (t — 15)2. 

+ F. Streintz gives the following value of the temperature variation = at different stages of charge: 


E. M. F. 1.9223 1.9828 2.0031 2.0084 2.010§° 2.0779 2.2070 
dE/dtX 106 140 228 335 285 255 130 73 


Dolezalek gives the following relation between E. M. F and acid concentration : 
Per cent H,SO, 64.5 52.2 35.3 21.4 Bez 
E.M.F., 09 C 2:37 2.25 2,00 | 2,007 41.89 
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TaBLe 384. 
CONTACT DIFFERENCE OF 
Solids with Liquids and 


Temperature of substances 


Platinum. 


Distilled water . 


Alum solution: saturated | 
ALO CEE NC: aealt 
Copper sulphate solution : ( 
sp. gr. 1.087 at-16°.6 C. § 
Copper sulphate solution : | 
saturated at 15° C. a) 
Sea salt solution: sp. gr. [ 
1.18 at 20°.5 C. A ave 
Sal-ammoniac solution: 
saturated at 15°.5 C. 
Zinc sulphate solution : sp. l 
feat, MAIS aHe Ih eK6) (Cos. j 
Zinc sulphate a 
saturated at 15 
One part Hietilled? a 2 ! 
3 parts saturated zinc 
sulphate solution . ) 
Strong sulphuric acid in 
distilled water : 
1 to 20 by weight 


I to 10 by volume 


I to 5 by weight . 
5 to 1 by weight . 


Concentrated sulphuric acid 


Concentrated nitric acid 

Mercurous sulphate paste . 

Distilled water containing 
trace of sulphuric acid 


4 


SMITHSONIAN TABLES. 


* Everett’s ‘‘ Units and Physical Constants: ” Table of 


TABLE 384 (continued). 315 
POTENTIAL IN VOLTS. 
Liquids with Liquids in Air.* 


during, experiment about 16° C. 


Amalgamated 

Mercury. 

Distilled water. 

Alum solution : 
saturated at 16°.5 C. 

Copper sulphate solution: 
saturated at 15° C. 

Zinc sulphate solution : 
Sp. gr. 1.25 at 16°.9 C. 

Zinc sulphate solution : 
saturated at 15°.3 C. 

One part distilled water 
+ 3 pts. zinc sulphate. 

Strong nitric acid. 


Distilled water. . 


Alum solution: saturated 
Bie tok Cod ot he SMe Aen 
J 


Copper sulphate solution : | 


l 

l 

Sp. gr: 1.087 at 16°.6 C. § 

Copper sulphate solution : | 
saturated at 15° C. é 

Sea salt solution: sp. gr. 

{ 

) 

l 

| 

j 


1.18 at 20°.5 C. 
Sal-ammoniac solution: 
saturated at 15°.5 C. 
Zinc sulphate solution: 
Sp. gr. 1.125 at 16°.9 C. 
Zinc sulphate solution : 
saturated at 15°.3.C. . 
One part distilled water + 
3 parts . saturated sine 
sulphate solution . . 
Strong sulphuric acid in 
distilled water : 
I to 20 by weight . 


I to 10 by volume 


I to 5 by weight . 


5 to1 by weight. . 


Concentrated sulphuric acid 


Concentrated nitric acid 

Mercurous sulphate paste . 

Distilled water containing 
trace of sulphuric acid. 


Ayrton and Perry’s results, prepared by Ayrton. 
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3 16 TaBLe 385. 


DIFFERENCE OF POTENTIAL BETWEEN METALS IN SOLUTIONS OF 
SALTS. 


The following numbers are given by G. Magnanini* for the difference of potential in hundredths ofa volt between 
zinc in a normal solution of sulphuric acid and the metals named at the head of the different columns wher placed 
in the solution named in the first column. The solutions were contained in a U-tube, and the sign of the differ- 
ence of potential is such that the current will flow from the more positive to the less positive through the ex- 
ternal circuit. 


Strength of the solution in : F “ 
gram molecules per Zinc.t Cadmium.t Lead. P Copper. Silver. 
liter. : 

| 


No. of 


molecules. Difference of potential in centivolts. 


0.5 H2SO4 : E 51.3 Sieg 100.7 
1.0 NaOH : E 31.8 0.2 80.2 
1.0 KOH 4 ; 32.0 —1.2 7720) 
0.5 NagSO4 : : 50.8 51.4 101.3 
NaS2O03 : : 45-3 45-7 38.8 


KNO3 
NaNOs 
KeCrOg 
KoCr207 
KeSO4 


42.6 giet 81.2 
51.0 40.9 
40.9 
68.1 
40.9 


57-61 
41.2 
130.9 
52:7 
49-0 


WwW AL WW 


(NH4)2SO4 
Ky4FeCeNe 
KgFeg(C N)e 
KCNS 
NaNO3 


Od) COLnd WD 


SrNOs : . d 48.7 
52.8 
49-9 
57-7 
52:9 


50.9 
50.8 
50.3 
525 


52-0 


WW vw 
areas) 
HUOMB 


31.0 
70.6 t 
54-48 
57-6 

42-47 


NaOBr 
C4H60¢6 
CyHe Og 
CyHyK NaOg 


WHEW 
mM HOH OO 
Mw On 


* “Rend. della R. Acc. di Roma,’ 1890. 

+ Amalgamated. 

+ Not constant. 

§ After some time. 

|| A quantity of bromine was used corresponding to NaOH =1. 
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TABLE 386. 317 
THERMOELECTRIC POWER. 


The thermoelectric power of a circuit of two metals is the electromotive force produced by one degree C difference 
of temperature between the junctions. The thermoelectric power varies with the temperature, thus: thermoelectric 
power = Q = dE/dt = A + Bi, where A is the thermoelectric power at o° C, B is a constant, and ¢ is the mean tem- 
perature of the junctions. The neutral point is the temperature at which d#/dt = 0, and its value is — A/B. When 
a current is caused to flow in a circuit of two metals originally at a uniform temperature, heat is liberated at one of 
the junctions and absorbed at the other. The rate of production or liberation of heat at each junction, or Peltier effect, 
is given in calories per second, by multiplying the current by the coefficient of the Peltier effect. This coefficient in 
calories per coulomb = Q7/ 3, in which Q is in volts per degree C, T is the absolute temperature of the junction, and 
F = 4.19. Heat is also liberated or absorbed in each of the metals as the current flows through portions of varying 
temperature. The rate of production or liberation of heat in each metal, or the Thomson effect, is given in calories 
per second by multiplying the current by the coefficient of the Thomson effect. This coefficient, in calories per coulomb 
= BT6/z, in which B is in volts per degree C, T is the mean absolute temperature of the junctions, and @ is the differ- 
ence of temperature of the junctions. (BT) is Sir W. Thomson’s “Specific Heat of Electricity.” The algebraic signs 
are so chosen in the following table that when A is positive, the current flows in the metal considered from the hot 
junction to the cold. When B is positive, Q increases (algebraically) with the temperature. The values of A, B, and 
thermoelectric power in the following table are with respect to lead as the other metal of the thermoelectric circuit. 
The thermoelectric power of a couple composed of two metals, 1 and 2, is given by subtracting the value for 2 from 
that for 1; when this difference is positive, the current flows from the hot junction to the cold int. In the following 
table, A is given in microvolts per degree, B in microvolts per degree per degree, and the neutral point in degrees. 

The table has been compiled from the results of Becquerel, Matthiessen and Tait; in reducing the results, the 
electromotive force of the Grove and Daniell cells has been taken as 1.95 and 1.07 volts. The value for constantan was 
reduced from results given in Landolt-Bérnstein’s tables. The thermoelectric powers of antimony and bismuth alloys 
are given by Becquerel in the reference given below. 


Thermoelectric power 
_ at mean temp. of Neutral 
junctions (microvolts). point 


A B 
Substance. Microvolts. | Microvolts. 


Aluminum 
Antimony, comm’! pressed wire... 
. axial 


rds] Bkxl=| 


Arsenic 
Bismuth, comm’! pressed wire... . 
< pure ce re 
crystal, axial 
“equatorial 


ag at | 


+0.0424 


Bra Sea aia 


BZHRn 


| 


Magnesium 
Molybdenum 


sHwRMY 
lee] 


(== 82 tots 2) eerastarneeee 
(2502=300")suncla tis. ciotisetie 
(above 340°) 
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318 TABLES 386 (continued),-387,.-THERMOELECTRIC POWER. 
TABLE 386,—Thermoelectric Power (continued). 


Thermoelectric power 
at mean temp. of 


|junctions (microvolts). 


Substance, .|Microvolts.| 
20° C. 50°C. 


Au- 
thority. 


Palladium IR TN ea) .18 ;—0.0355 | —6. 
Phosphorous (red) - +29. 
JARs 94 6 : ; = +o. 
a (hardened) . : ~2, .0074 +2.4 
(ial calle) amare .60 |—0.0109 = 
wire Sod pak 
another specimen 
Platinum-iridium alloys: 
85% Pt+ 15% Ir 
90% Pt+ 10% Ir 
95% Pt+ 5% Ir 
Saieaitim 4 4 « 
Silver 


4“ 


Zine 


(pure hard) . 
See iie Ve 
Steel . 
Tantalum 
Tellurium B 

a ee é 
Thallium . : : 


Tin (commercial) . 


“ce 


Tungsten. ey ihe : = 
JEGNG : : : ‘ : , : +3. 
“pure pressed . - 


Perlite ee satel fomdion) )mplest all 


=a 
> 


BEd. Becquerely- Ann. de Chim et de Phys!’ [4] vol 8) 9S] Bureat of 
Standards. 

M Matthiesen, “ Pogg. Ann.” vol. 103, reduced by Fleming Jenkin. 

Dy Lait, “rans Roo oly 27 rcuucedsby Mascant 

H_ Haken, Ann. der Phys. 32, p.291, 1910. (Electrical conductivity of Te8=o0.04, 
Tea 1.7 e.m. units.) Swisher, 1917. 


TABLE 387,—Thermoelectric Power of Alloys. 


The thermoelectric powers of a number of alloys are given in this table, the authority being Ed. Becquerel. They are 
relative to lead, and for a mean temperature of 509 C. In reducing the results from copper as,a reference metal, 
the thermoelectric power of lead to copper was taken as — 1.9. 


Pa 


tric power 1n 
microvolts 


Substance. Substance. Substance. 


Relative 
quantity. 
Thermoelec. 
tric power iu|f 
microvolts 
Relative 
quantity. 
Thermoelec 
Relative 
quantity. 
Thermoelec-|| 
tric power in 
microvolts, 


Antimony Antimony 
Cadmium Zinc 
Antimony Tin 
Cadmium Antimony 
Zinc Cadmium 
Antimony Zine 
Cadmium 
Bismuth 


|| Bismuth 
Antimony 


HeHD 
p= 
Oo 
on 
= 
hss 


| Bismuth 
Antimony 


HOO He 


a) 


Bismuth 
Antimony 


4 
- O 


SE, (LED SY Tip pe a a I men Tee 


4 
HO WON 


SNe Tea ean Oem™ OU a am 


Antimony 
Tellurium 


I 
me bo 


| Bismuth 


Antimony Antimony 


Zinc Antimony 
Bismuth 


| Bismuth 
Tin 


Bismuth 
Selenium 


Antimony R 
Zinc : Antimony 


Bismuth Tron 


Antimony Antimony 
Cadmium l Magnesium 
Lead | ees 
Fine Antimony 
Antimon cee 
eeanicin Bismuth 
Zinc Bismuth | Bismuth 

Tin Antimony . Bismuth sulphide 


4 
HO HN 


taal 
mH lo 


Bismuth 
Zinc 


H 
me LD 


| Bismuth 
Arsenic 


| 


TABLES 388, 389, 319 
TABLE 388. — Thermoelectric Power against Platinum. 


One junction is supposed to be at o°C; + indicates that the current flows from the o° junction 
into the platinum. The rhodium and iridium were rolled, the other metals drawn.* 


Tempera- 
ture, °C, 


—185 
—8o 
+100 
+200 
+300 
+400 
+500 
+600 
+700 
+800 
+900 
+1000 
+1100 
+(1300) 
| +(1500) 


eee 
DY 9 HARW OO ¢ 
ONAN KHUNO 
ab t+4+44+ 
1 SL OAS ONG 
tbat 


WIAD AO LAMGW PN = OO. 
. 


aque ee 

OR OBOE Ce Nur Oo NH OP Or* 
On AL NOON ADA 
RS ae 

COT CS EOS Sg Oe Clg On Om 
HH Our CVOOH OH COCm 

AR BYYO HAHN 


RHO SI ANEW D 
Ax Ouriw NW HH NOD 


es 


eee a: 


* Holborn and Day. 


TABLE 389, —Thermal E. M. P. of Platinum-Rhodium Alloys Against Pure Platinum, in Millivolts.* 


eawe, 


05 | . 2.32 2:3 

AGN | : 3.26 Be 

500 | 1.05 3.22 4.17 4.23 4.2 

600 | 1.2 3.92 5.16 5.24 52 

700 1.45 4.62 6.19, 6.25 6.2 

BOO 1-057] 5-33" 97-25 I 351 7:3 

goo | 1.85 6.05 8.35 8.46 8.4 
1000 2.05 | 6.79 | 9.47 9.60 9.57 10.96 11.65 12.42 12.94 13-74 


TOO! |) 2.2 75S ule LO:04u a O77 TOW7As|) 8 2;4On len 1302 197 ce Ya © [2 I oy 


2.4 8.29 11.82 11.97 11.93 13.87 14.96 16.39 W7eus 18.10 
2.6 9.06 | 13.02 13.18 eae 15.38 16.65 18.51 19.51 20.46 
2.8 9.82 | 14.22 14.39 14.34 16.98 18.39 20.67 Phe seel © selec 
3.0 | 6 rele ae eal 

B22 

3-4 

3:5 


* Carnegie Institution, Pub. 157, 1911. + Holborn and Wien, 1892. 
+ Holborn and Day, mean value, 1899. 
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2 20 TABLES 390-391. 


THERMOELECTRIC PROPERTIES: PRESSURE EFFECTS. 
TABLE 390.— Thermoelectric Power; Pressure Effects. 


The following values of the thermoelectric powers under various pressures are taken from Bridgman, Pr. Am. Acad. 
Arts and Sc. 53, p. 269, 1918. A positive emf means that the current at the hot junction flows from the uncompressed 
to the compressed metal. The cold junction is always at 0° C. The last two columns give the constants in the 
equation E = thermoelectric force against lead (0° to 100° C) = (Ai + BP) X 10° volts, at atmospheric pressure, a 
positive emf meaning that the current flows from lead to the metal under consideration at the hot junction. 


Thermo-electric force, volts K 109 


Pressure, kg/cm? Formula 
coefficients. 


| 8000 


Temperature, % C 


° ° 


50 i 100° 50 100° 50° 


53 ,000]85 ,000]110,000]185 ,000] 255,000] 425,000] 185 ,000]452,000] 710,000 
6,200|14,100] 13,000] 28,500] 26,100] 58,100] 14,400] 38,500] 87,400 
4,030|10,870| 9,380] 20,290] 17,170] 37,630] 8,780] 23,750] 52,460 
2,040] 7,120] 4,620] 14,380] 10,960] 28,740] 6,680] 19,180] 45,560 
2,850] 5,050] 5,800] 11,810] 11,530] 23,790] 6,750] 17,200] 35,470 
2,190] 4,380] 4,400] 8,800] 8,630] 17,690] 5,090] 12,970] 26,520 
1,810] 3,600] 3,600] 7,310] 7,370] 14,350] 3,880] I1,030| 21,570 
I,190| 2,530] 2,360] 4,990] 4,690] 10,120] 2,700] 7,050] 15,140 
1,680] 1,500] 3,400] 3,230] 7,190] 1,880] 5,140] 11,440 
1,870] 1,720 3,350] 7,190|/+1,900]} 4,950] 10,560 
1,670 590 5,300| 5,820] —9Q90 220| 7,680 
I,050) 920 1,860] 4,210] +880 281| 6,330 
1,052 905 ‘ I,791| 3,074] +990] 2,627) 5,760 
584] +580 I,124| 2,420] +596} 1,616) 3,546 
IOI —or 32 920 —68 312| 1,962 
140] +187 375 555| +146 562 833 
Srey  Sckis 1 +70] +202) —182] +10} +390 
232 ee 2A) —489| —894| —308] —719/—1,314 

—167| —181) —305| —791| —259] —648|—1,206 
—343| —316 —630]—1,360] —352| —937|—2,061]—17. 


* Tdentical wire of Table 398. ‘Another wire of same sample. {t Different sample. 
§ Results too irregular for interpolation for values at other temperature and pressures; see original article. 
(r) —.0556f; (2) —.o486/%, annealed ingot iron; (3) —.os166/; (4) —.oari; (5) —.04258; (6) —.ostr2f. 


TABLE 391. — Peltier and Thomson Heats; Pressure Zffects. 


The following data indicate the magnitude of the effect of pressure on the Peltier and Thomson heats. They refer 
to the same samples as for the last table. The Peltier heat is considered positive if heat is absorbed by the positive 
current from the surroundings on flowing from uncompressed to compressed metal. A positive d2£/d@ means a larger 
Thorson heat in the compressed metal, and the Thomson heat is itself considered positive if heat is absorbed by the 
positive current in flowing from cold to hot metal. Same reference and notes as for preceding table. 


Peltier heat, Thomson heat, 
to8 & Joules/coulomb. 108 X Joules/coulomb/° C 


Pressure kg/cm? Pressure kg/cm? 
Metal. e 5 


6000 12,000 6000 || 12,000 


Temperature ° C Temperature ° C 


n 
{e) 


aa 
bo 
4 
a 
nan 


+t+e+4++ 144i tte 


PAGO AA aCe CTE 98 +190 


Bomoe eee eeATne +11 


Constantan ees Se Pine acts 


Sd Yeh, eter mae 


Fa 

ES 
tas 
HAH ee 


ae 
re 


an 
ONAN 
MHR~ 
H 


4 


a 


a+ 


+4+4++4++4++ 


HH HD NOD 
MO MEWIO DOSE 


+4++4+44+4+ 
He Anum AL OF WOO 
+ 
re} 


AH ty & Oe We 


+ 
0 An vs 


the 
HO 00 
[+++ 


| 
an 


| 
aL 
ete Pee 


OOKOD HH ADDN HO AVDWNOG 


snob nenatTH 


| 
b 


* + t § Same significance as in preceding table. 
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; TABLES 392-394, Rot 


TABLE 392. — Peltier Effect. 


The: coefficient of Peltier effect may be calculated from the constants A and B of Table 386, as 
there shown, With Q (see Table 386) in microvolts per ° C. and T= absolute temperature (K), 


the coefficient of Peltier effect= oe cal per coulomb=o0.00086 QT cal. per ampere-hour=QT/1000 


millivolts (=millijoules per coulomb). Experimental results, expressed in slightly different units, 
are here given. The figures are: for the heat production at a junction of copper and the metal 
named, in calories per ampere-hour. The current flowing from copper to the metal named, a posi- 
tive: sign indicates a warming of the junction. The temperature not being stated by either author, 
and Le Roux not giving the algebraic signs, these results are not of great value. 


Calories per ampere-hour. 


Jahn* . 


Le Rouxt . 


* “Wied. Ann.” vol. 34, p. 767. : 

+ ‘Ann. de Chim. et de Phys.’’ (4) vol. 10, p. 201. 

+ Becquerel’s antimony is 806 parts Sb + 406 parts Zn + rar parts Bi. 
§ Becquerel’s bismuth is 10 parts bi-+-1 part Sb. 


TABLE 393.— Peltier Effect, Fe-Constantan, Ni-Cu, 0 — 560° C. 


| Fe-Constantan. . . : : : eZ : ; in Gram. Cal.2X—108 


INEG ieee gens. toe oe : , Dis ; : per coulomb. 


TABLE 394. — Peltier Electromotive Force in Millivolts. 


Metal 
against 
Copper. 


Le Roux 


Jahn . 


Edlund . 


Caswell . 


Le Roux, 1867; Jahn, 1888; Edlund, 1870-71 ; Caswell, Phys. Rev. 33, p. 381, rgrt. 
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B22 TABLES 395-396. 


TABLE 395, 
THE TRIBO-ELECTRIS SERIES. 


In the following table it is so arranged that any material in the list becomes positively electrified when 
rubbed by one lower in the list. The phenomenon depends upon surface conditions and circum- 


stances may alter the relative positions in the list. 


Asbestos (sheet). 

Rabbit’s fur, hair, (11g). 

Glass (vombn. tubing). 

Vitreous silica, opossum’s 
fur. 

Glass (fusn.). 

Mica. 

Wool. 

Glass (pol.), quartz (pol.), 
glazed porcelain. 

Glass (broken edge), 
ivory. 

Calcite. 

Cat’s fur. 

Ca, Mg, 
borax. 


I 
2 
3 
4 
5 
6 
7 
8 


Pb, fluor spar; 


19 


20 
21 


22 


23 


Silk. 

IAI Nites Zan Cdn Oren belts 
hand, wash-leather. 

Filter paper. 

Vulcanized fiber. 

Cotton. 

Magnalium. 

K-alum, rock-salt, 
spar. 

Woods, Fe. 

Unglazed porcelain,  sal- 
ammoniac. 

K-bichromate, paraffin, 
tinned-Fe. 

Cork, ebony. 


satin 


24 Amber. 

25 Slate, chrome-alum. 

26 Shellac, resin, sealing-wax. 

27 Ebonite. 

28 Co, Ni, Sn, Cu, As, [By 
Sb, Ag; Pd, C, Te, Eu- 
reka, straw, copper sul- 
phate, brass. roy 

29 Para rubber, iron alum. 

30 Guttapercha. 

31 Sulphur. 

32 Pt, Ag, Au: 

33 Celluloid. 

34 Indiarubber. 


Shaw, Pr. Roy. Soc. 94, p. 16, 1917; the original article shows the alterations in the series sequence 


due to varied conditions. 


TABLE 396, 


AUXILIARY TABLE FOR COMPUTING WIRE RESISTANCES. 


Tor computing resistance in ohms per meter from resistivity, p, in michroms per cm. cube (see 


Table 397, etc.). 


e.g. to compute for No. 23 copper wire when p=1.724: I meter = 0.0387 + 


.0271 + .0008 + .co02z = 0.0668 ohms; for No. 11 lead wire when p= 20.4; I meter 0.0479 + 
.0010 = 0.0489 ohms. The following relation allows computation for wires of other gage num- 
bers: resistance in ohms per meter of No. N = 2(7z— 3) within 1 %: ¢. g. resistance of meter of 
No. 18=2 X No. 15. 


p in micro-ohms per cm. cube. 


‘| Section 
an 4. 8: 6. Gs 


Resistance of wire 1 meter long in oh 


+03466 
+03742 
209118 
+0187 
02298 
102474 
+0754 
0120 

-O1QL 

+0303 


03560 
+03890 
+Ogl4I 
109225 
+0358 
102569 
09904 
sO144 
+0229 
20364 | 
+0578 
+0919 
21462 
+2324 
+3695 
+5877 


+03653 
+9104 | 
+0165 | 
109262 
102417 
02664 
,0106 
.0168 
0267 
10424 
.0674 
-1072 
+1705 


+03373 
93593 
+3943 
+09 150 
109239 
02379 
+02603 
02959 
.O152 
+0242 
+0385 
-0613 
+0974 
*1549 
+2463 
3918 
6228 | 
+9904 | 
{1.575 | 
2.505 
3.980 
6.3314 
7-984 


04933 
03148 
03236 
03375 
103596 
-03948 
+O9 151 
109240 
+0381 
0,606 
+0963 
+0153 
+0244 
-0387 
.0616 
+0979 
°1557 
.2476 
+3937 
-6262 
+9950 
1.583 
1.996 


3.131 
4.975 
7-914 
9.980 
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TABLE 397. 228 
RES/STIVITY OF METALS AND SOME ALLOYS. 


The resistivities are the values of p in the equation R = pl/s, where R is the resistance in microhms of a, length 
7 cm of uniform cross section s cm?. The témperature coefficient is as in the formula R¢ = Rs{t + as(¢ — ¢s)}. The 
information of column 2 does not necessarily apply to the temperature coefficient. See also next table for tempera- 
ture coefficients 0° to 100° C. : 


Temperature coefficient. 
Tempera- 


Substance. Remarks. ture, Microhm- 
e; i 


OOD ONO OD CON ANWWWWW 


solid 

liquid 

99-57 pure 
see constantan 


99.8 pure 
60% Cu, 40% Ni 


ei. 500 
annealed . ‘ 20 see col. 2 
hard-drawn . f0e ceEp mec) acc 
electrolytic : : TOO 
= 400 
pare : : 1000 
very pure, ann’Id 
see constantan 


ta tea Ae tae 


18% Ni 
99-9 pure 


pure, drawn 


99.9 pure 
see constantan 
rn rv 


Saray oe 
lll ll laaaaunlallaasunsaaaalallEl lll) llaalalllallasas | 
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324 TABLE 397 (continued). 
RESISTIVITY -OF METALS AND SOME ALLOYS. 


Temperature coefficient. 


Tempera- Mi 
icrohm-|R efer- 
Substance. Remarks. ture, a acon Rein 


ts as ence. 


99.98% pure 
pure, soft 
(ans ay, 


Laos’ 


Re Be B: : : see col. 2 
B ‘ “ 


6 


Siemens-Martin 
manganese 

35% Ni, “invar.”’ 
piano wire 

temp. glass, hard 

«, yellow 
, blue 
, soft 


HH 


laprater | | | | | | | | lereniles leesies Irearenov ot lsat 


“ 


“ 


cold pressed 


solid 
‘ 
“cc 


liquid 


free from Zn 
“ cc ke 


pure 
Manganese........ = 
Manganin 84 Cu, 12 Mn, 4 Ni 


Roses es 


np ph ppp 


wb 


Re = Ro(t +h 
.coo8et + 
. CCCCOTF) 


“a 


Monel metal....... 
Nichrome 


Leal 
Be) pak 


HOR HAY 
wHOW 
eis 22 
cS) 
PRERERRUMNUPEE 


aH 
(eo) 


tree cee! 


bbb 
wmmnmanc 
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TABLE 397 (continued). 32 5 


* RESISTIVITY OF METALS AND SOME ALLOYS. 


Tempera- : 
Substance Remarks. ates. Michrom- | Refer- 
oO 
Cc 


cm ence. 


ooo 0 


solid 


“ 


eee 35. 
liquid 40. 
— 20. 
99.98 pure 18. 
electrolytic —183. 
i —78. 


OH WDHOWHN ABDWO WAL AD 
loa) DPANDHAIILHO 


solid 
“ 
“ 


“ 


liquid 


lapel lee TT led) (tar al Wess ced halal lie 


Ll lal 


References to Table 397: (1) See page 334; (2) Jager, Diesselhorst, Wiss. Abh. D. Phys. Tech. Reich. 3, p. 260, 
1900; (3) Nicolai, 1907; (4) Somerville, Phys. Rev. 31, p. 261, 1910; 33, p. 77, 1911; (5) Circular 74 of Bureau of 
Standards, 1918; (6) Eucken, Gelhoff; (7) de la Rive; (8) Matthiessen; (9) Jager, Diesselhorst; (10) Lees, 1908; 
(11) Mean; (12) Guntz, Broniewski; (13) Hackspill; (14) Swisher, tot7; (15) Shukow; (16) Reichardt, 1901; 
(77) Dewar, Fleming, Dickson, 1898;. (18) Wolff, Dellinger, 1910; (19) Erhardt, 1881; (20) Broniewski, Hackspill, 
1011; (21) Dewar, Fleming, 1893, 1896; (22) Circular 58, Bureau of Standards, 1916; (23) Strouhal, Barus, 1883; 
(24) Vincentini, Omodei, 1890; (25) Bernini, 1905; (26) Glazebrook, Phil. Mag. 20, p. 343, 1885; (27) Grimaldi, 
1888; (28) Fleming, 1900; (29) Langmuir, Gen. Elec. Rev. 19, 1916. 
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326 TABLES 398-399. 
TABLE 398.— Resistance of Metals under Pressure. é 


The average temperature coefficients are per °C between o° and 100°C. The instantaneous pressure coefficients 
are the values of the derivative (x/r){dr/dp}, where r is the observed resistance at the pressure p and temperature ¢. 
The average coefficient is the total change of resistance between o and 12,000 kg/cm? divided by 12,000 and the resist- 
ance at atmospheric pressure and the temperature in question. Table taken from Proc. Nat. Acad.°3, p. 11, 1917. For 
coefficients at intermediate temperatures and pressures, see more detailed account in Proc. Amer. Acad. 52, p. 573, 
1917. Sn, Cd, Zn, Kahlbaum’s “K” grade; TI, Bi, electrolytic, high purity; Pb, Ag, Au, Cu, Fe, Pt, of exceptional 
purity. Al better than ordinary, others only of high grade commercial purity. 


| ‘Pressure coefficients. 


Average temperature % 1 
coefficient Instantaneous coefficient. 


0° to 100° C Average coefficient 


o to 12,000 kg/cm? 


Ato®C At 100° C 


At | At a ° ° 
ee wes Tee okg |12,000 kg okg 12,000 kg Ato At I00 


+ .00383 041226] — . o4t016|| —.o415t0 {| —.o41072t| —.ost02t|—.o4t131 t 
, 00441 -041044]  .040936 .041062 -040973 -040920] .040051 
.00499 .041319| .041180 .041456 .041 200 -O4TI5I| .041226 
.00418 .041063]  .040837 .041106 -040887 .040894] .040027 
. 00412 .041442| 1041220 .041 483 041237 .O41212] .041253 
. 00420 .040540| .040425 -0405 24 .040407 .040470] .040454 
-00435 .040416]  .040355 +040307 -040373 .040382] .040377 
-004069] .040358} .04032T «040355 -040331 . 040333] .040336 
.003964] .040312| .040286 -040304 .040292 .040287; .040292 
. 00430 .040201| .040179 -040184 -040175 .040183] .040177 
.004855} .o40158] .040142 .040163 -040156 -040147] .040158 
.003676] .040094] .040081 .0410076 .040070 .040087| .040073 
.006184] .040241} .040218 -040247 -040230 .040226] .040235 
.003185] .040198] .040190 -040189 -040187 .O40190} .040186 
.003873} .o40198] 040181 -040190 -040182 .040187} .040184 
.004340] .040133] .040126 -040130 -O401 25 -O40129| .040126 
.002967} .040149] .040139 -0401 53 -O40147 040143] .040149 
.003216} .o40128] .osor2 -040130 .0401 23 -040123] .040126 

—_— .04055 —_— _— — - 04055 — 
.00403 |-+.041220]-++.041064]|+.010768 | +.040723 | +.041220]+.040768 
+.00395 |+.04154 |+.040213]| +.04152 § | +.041895§] +.0s2228]}+-. 041980 § 

—_— —.03129 — — — 


* 6° to 20°. TiOn tO 24u ¢ Extrapolated from 50°. § Extrapolated from 75°. 


TABLE 399.— Resistance of Mercury and Manganin under Pressure. 

Mercury, pure and free from air and with proper precautions, makes a reliable secondary electric-resistance pres- 
sure gage. For construction and manipulation see “The Measurement of High Hydrostatic Pressure; a Secondary 
Mercury Resistance Gauge,” Pr. Am. Acad. 44, p. 221, 1919. 


———s 


500 | TO0O | 1500 | 2000 | 2500 | 3000 | 4000 | 5000 | 6000 | 6500 


-9186]0. 9055/0. 8930/0. 8818]0. 8714/0. 8582]0.8478]o.8268}0. 80760. 7806]o. 7807 


.0000]0.9836]0. 9682 ©.9535/0.9304 ©.9258]0. 91280. 8882/0. 8652]0. 8438 0.8335 
-9000]0.9854]0.9716]0.9588]0. 9462/0.9342]0.9228]0. gorolo. 8806]o. 8616 0.8527 
.0970 Brot ze ExQsee TI .0400] I .0230]I.0070/0.9908]0. 9614/0. 9342]0. 9086/0. 8966 


* This line gives the Specific Mass Resistance at 25°, the other lines the specific volume resistance. 

The use of mercury as above has the advantage of being perfectly reproducible so that at any time a pressure can 
be measured without recourse toa fundamental standard. However, at o° C mercury freezes at 7500 kg/cm2. Man- 
ganin is suitable over a much wider range. Over a temperature range o to 50° C the pressure resistance relation is 
linear within 1/10 per cent of the change of resistance up to 13,000 kg/em2. The coefficient varies slightly with the 
sample. Bridgman’s samples (German) had values of (AR/pRo) X 10% from 2295 to 2325. These are + instead of 
—, as with most of the above metals. See ‘‘The Measurement of Hydrostatic Pressure up to 20,000 Kilograms per 
Square Centimeter,” Bridgman, Pr. Am. Acad. 47, p. 321, 1911. : ES P 
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Conductivity in mhos or 


TABLE 400, 


TEMPERATURE COEFFICIENTS, 


I 
ohms per cm.’ 
=Pt=Po(1+at—bt?), 
a 


OA, 
CONDUCTIVITY AND RESISTIVITY OF MISCELLANEOUS ALLOYS. 


=7t=VoCi—at+bt*) and resistivity in microhms—cm 


Metals and alloys. . 


Composition by weight. 


Gold-copper-silver . 


“ce 


Nickel-copper-zinc . 


BiraGSu en ead 
“hard drawn 
anneaied 


“cc 


German silver 


“ “ 


Aluminum bronze . 
Phosphor bronze 
Silicium bronze . 
Manganese-copper. 


Nickel-manganese- 
copper . 


Nickelin . 


Patent nickel 


Rheotan . 


Copper-manganese- 
iron. 

Copper- manganese- 
iron. . 

Copper-manganese- 
iron. & on 


Manganin 
Constantan 


Cu+ 15.2 Ag 
Cu-+ 18.1 Ag 
oral 14.3 Ag 


1 
J 


12.84 Ni+ 30.59 Cu+ 
6.57 Zn by volume . 


Various. 
70.2 » Cu — 20. 8 Za. 


Watloust.. : 
60.16 Cu-+ 25. 37 Zn ae 
14.03 Ni+.30 Fe with trace 
of cobalt and manganese 


3 .89 Zn + 4. Cae 


30 Mn+ 7o Cu. 
3 Ni+24 Mn+ 73 Cu 
18.46 Ni+ 61.63 Cu + 
19.67 Zn + 0.24 Fe + 
0.19 Co+o0.18Mn . 
.INi+74.41Cu+ 
0.42 Fe+o. 23 Zn + 
.13 Mn + trace of cobalt 
28 Cu-+ 25.31 Ni+ 
0.37 Mn 
ot Cu+ 7.1 Mn+1.9Fe 
70.6 Cu+ 23 
69.7 Cu+29.9Ni+o0.3Fe. 


84 Cu+ eo 


00 Giats4Qun is 


| 


| 
i 


; 


.2Mn+6.2 Fe. 


44. 
49. 


| Authority. 


bo oe | 


—_ 


+ Matthiessen. 
2 poo 


3 W. 
4Feussner and Lindeck. 
* +, £, §, b X 10°=924, 93, 7280, 51, respectively. 


Siemens. 
° Blood. 


5 Van der Ven. 
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* Feussner. 


® Jaeger-Diesselhorst. 


328 - TaBLe 401. 
CONDUCTING POWER OF ALLOYS. 


This table shows the conducting power of alloys and the variation of the conducting power with temperature,* The 
108 , ours 
values of C, were obtained from the original results by assuming silver = 7585 mhos. The conductivity is taken 


asiCy—=iCr, (1—at-++-62), and the range of temperature was from 0° to 100° C. X 
The table is arranged in three groups to show (1) that certain metals when melted together produce a see 
which has a conductivity equal to the mean of the conductivities of the components, (2) the behavior of those 
metals alloyed with others, and (3) the behavior of the other metals alloyed together. ; J 
It is pointed out that, with a few exceptions, the percentage variation between o° and 100° can be calculated from th2 
Z ; ; ; : 
formula P= P, ie where /Z is the observed and / the calculated conducting power of the mixture at roo” C., 
and P, is the calculated mean variation of the metals mixed. ° 


= 
Weight % | Volume % Variation per 100° C. 


of first named. Observed. \Calculated. 
i ha a a a ae nena ee 


Group t. 


Lead-silver (PbgoAg) . 
Lead-silver (PbAg) 
Lead-silver (PbAgg) 


He bh 
pL ONoe 
Quit 
Our & 


Tin-gold (SnygAu) . 
Cece (OTE AU) ae 


i 
88 


Nit 


Tin-copper . 
6 “ce 


wy 
FD Dut D0 
aie Hs NN 
Dorp 


“SI ty 
un 


no 


Tin-silver . 
“ “ 


Zinc-copper 
“ee “e 


COS G3 G3 OS 


Whe RA 


Nore, — Barus, in the “ Am. Jour. of Sci.’ vol. 36, has pointed out that the temperature variation of platinum 


Aer - OF A . ” ° 
alloys containing less than 10% of the other metal can be nearly expressed by an equation y = —-— m, where y is the 


temperature coefficient and + the specific resistance, #z and » being constants. 


t t é If a be the temperature coefficient 
o° C. and s the corresponding specific resistance, s (a ++ 7) = 7, e - 


For platinum alloys Barus’s experiments gave » =— .000194 and # = .0378. 
For steel 772 = —.000303 and 2 = .0620. 
Matthiessen’s experiments reduced by Barus gave for 
Gold alloys #2 = — .oo0045, 7 = .00721. 
Silver ‘*  72=—.o00112, 2 =.00538. 
Copper ‘* 72 = — .000386, 7 = .00055- 


* From the experiments of Matthiessen and Vogt, ‘‘ Phil. Trans. R. S.” y. 154 
+ Hard-drawn, ; 
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TABLES 401 (continued) -402, 329 


TABLE 401, —Conducting Power of Alloys. 


Group 3. 


Weight % | Volume % Variation per 100° C. 
Co 


10% 
of first named. Observed. |Calculated. 


Gold-copperf . . .]| 99.23 98.36 21.87 
s OP 6. om onl) Crest 51.66 8 7.41 


Pe) 


Gold-silver 


“ “ 


ilies 87.95 79.86 10.09 
Sa toh .at oll seyAOS 79.86 10.21 
io 0 o ol) “@xkele 52.08 6.49 
is esa) 104.50: 52.08 : 6.71 
t 31.33 19.86 8.23 
* Binge 19.86 8.44 


Gold-copperf . . .| 34.83 19.17 8.07 
ss Se Eel ee 1.52 0.71 25.90 


WALRUN A NN 
AHN COM WN 


COW 
(one) 


1S) 


Re eee SeeeeMENONS) 


Platinum-silvert . .| 33.33 19.65 : 3.10 
e peutic. & Bs) 5:05 7-08 
s Bon enone 11.29 


Coun 


=) 
* CONN 


Palladium-silver tf . . : 7 : 3.40 


= 
to 
4 


[e) 


Coppersilvernt |). : : 26.50 

ee rh 25.57 
24.29 
22.75 
23.17 
26.51 


tb ww NNN 


SOR Cael 
Num O00 Ww 


NN OD 


27.92 
17-55 
354 


Iron-copperf .. - ‘ ' 13.44 


Phosphorus-copper 7 . 
“ “ tf ‘ 


Arsenic-copper : 


“ “ + 


* Annealed. ¢ Hard-drawn. 


TABLE 402, — Allowable Carrying Capacity of Rubber-covered Copper Wires. 


(For inside wiring — Nat. Board Fire Underwriters’ Rules.) 


B+S Gage 18 16 14 12 10 8 | 6 5 4 3 2 | I 


Amperes B® fh 2 Ge ea, Bek) aley || ee I Oy, ) 7. || Glo | toy? | ray |) ane). |) ue) 


500,000 circ. mills, 390 amp.; 1,000,000 c. m., 650 amp.; 2,000,000 c. m., 1,050 amp. For 
insulated al. wire, capacity =84% of cu. Preece gives as formula for fusion of bare wires 
= ad?, where d =diam. in inches, a for cu. is 10,244; al., 7585; pt., 5172; German silver, 
5230; platinoid, 4750; Fe, 3148; Pb., 1379; alloy 2 pts. Pb., 1 of Sn., 1318. 
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330 TaBLe 403. 
RESISTIVITIES AT HIGH AND LOW TEMPERATURES. 


The electrical resistivity (p, ohms per cm. cube) of good conductors depends greatly on chemical purity. Slight con- , 


tamination even with metals of lower p may greatly increase p. Solid solutions of good conductors generally have higher 
pthan components. Reverse is true of bad conductors. In solid state allotropic and crystalline forms greatly mod- 
\fy p. For liquid metals this last cause of variability disappears. The + temperature coefficients of pure metals is of 
the same order as the coefficients of,expansion of gases. For temperature resistance (t, p) plot at low temperatures the 
graph is convex towards the axis of t and probably approaches tangency to it. However for extremely low temper- 
atures Onnes finds very sudden and great drops in p. ¢.g. for Mercury, 3.6K <4x10-10 p, and for Sn., 3.9K <FoTipas 
‘The t, p graph for an alloy may be nearly parallel to the t axis, cf. constantan ; for poor conductors p may decrease with 
increasing t. At the melting-points there are three types of behavior of good conductors: those about doubling p and 
then possessing nearly linear t, p graphs (Al., Cu., Sn., Au., Ag., Pb.); those where p suddenly increases and then the 
++ temp. coefficient is only approximately constant; (Hg.; Na., K.); those about doubling p then having a -, slowly 
changing to a + temp. coef. (Zn., Cd.); those where p suddenly decreases and thereafter steadily increases (Sb., Bi.). 
‘The values from different authorities do not necessarily fit because of different samples of metals. The Shimank values 
(t given to tenths of °) are for material of theoretical purity and are determined by the a rule (see his paper, also Nernst, 
Ann. d Phys. 36, p. 403, 1911 for temperature resistance thermometry). The Shimank and Pirrani values are originally 
given asratiostop,. (Ann. d. Phys. 45, p.706, 1914, 46, p. 176, 1915.) Resistivities are in ohms per cm. cube unless stated. 


Italicized figures indicate liquid state. 


Silver. 


Pt 


22.30 
23.80 
24.62 


Mercury. Potassium. 


Pt Pr : Pt 


5-38 ‘ 5 1.720 é ; 0.605 * 2 O.OIL 
10.30 ; . 2.654 : fs 1.455 . y 2:27; 
15-42 . 3-724 : ‘ 2.380 ; BS «844 
21.4 : . 5-124 : . 3-365 : : 5-92 
gI-7 ‘i 7.000 3 r 4.40 5 6.43 
94.1 y . 7.116 4 4.873 5 8.15 
98.3 é : 8.7G0 : é 6.290 : 10.68 

TOSI i 05, 13.40 = z 9.220 F 16.61 
II4.0 .212 . TESS 6 . 5 9.724 a . 24.50 
127.0 fs : 10.70 3 is 10.34 5 le 43.29 


Manganin. German Silver. Constantan. Pt. 10% Rh. 


Pt Pt ; Pt 


on 


WwWNHNN 
BOD D wr 
km ONWNSO 


Au. below 0°, Niccolai, Lincei Rend. (5), 16,p. 757, 906, 1907; above, Northrup, Jour. Franklin Inst. 177, p. 85, ror4. 
Cu. below, Niccolai, |. c. above, Northrup, ditto, 177, p. 1, 1914. Ag. below, Niccolai, l.c. above Northrup, ditto, 178, 
p. 85, 1914. Zn. below, Dewar, Fleming, Phil. Mag. 36, p. 271, 1893 ; above, Northrup, 175, p. 153, 1913. Hg. below 
Dewar, Fleming, Proc. Roy. Soc. 66, p. 76, 1900; above, Northrup, see Cd. K. below Guntz, Broniewski, C. R. 147, 
B+ 1474, 1908, 148, p. 204, 1909. Above, Northrup, Tr. Am, Electroch. Soc. p. 185, rgtr. Na, below, means, above, 
gee K. Fe., Manganin, Constantan. Niccolai, l.c. German Silver, 90% Pt. 90% Rh., Dewar and Fleming — Phil. 
Ma'36; pe 271;°1893. 
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TABLE 403 (continued). gee 
RESISTIVITIES AT HIGH AND LOW TEMPERATURES. 
(Ohms per cm. cube unless stated otherwise.) 


Platinum. Bismuth, Cadmium. 


Pt Pt : Pt , Pt Po 


0.59 ' iF 34.8 F 0.17 .0218 
4-42 4 : 5503 ¢ ° 1.66 +214 
5.22 . 5 75.60 . 2,00 258 
11.8 7 " 94-3 4 2.22 .286 
13-95 : : 110.7 : 3.60 -464 
15.7 2 . 120.0 08 : 4.80 .619 
19.8 1.00 i 156.5 . h Vonlis 1.00 
27:8 1.403 rf 254.5 : . 16.50 | 2.13 
38.0 1.919 5 267.0 : 4 33.70 | 4.35 
310. 50.0 2.52 5 127.5 +15 5 33.00 | 4.33 
Rage 95.0 4.80 5 128.9 i . 33.70 | 4.35 
400. 98.3 4.96 5 139-9 ; 5 3512 | 4.40 
600. 107.2 5.4l F 150.8 - i 35:78 | 4.02 
800. 116.2 5-80 . 153.5 


Carbon, Graphite.* Fused silica. Alundum cement. 


p in.ohms 


in ohms, cm. cube. é = ms cm, OCs 
Pp ? b p—megohms c Cc cm. cube. 


Carbon | Graphite : >200,000,000, h >9x106 

0.0035 0.00080 i 20,000,000, ; 30800. 
.0027 .00083 Bi 200,000, i 13600. 
,002I .00087 : 30,000, h 7600. 
.OO15 -00099 4 800. A 6500. 
-OO1L .00100 6 30. ‘ 2300. 
.0009 ,OOLT : about 20. 3 190. 


Pt. low, Nernst, 1]. c. high, Pirrani, Ber. Deutsch. Phys. Ges. 12, p. 305, Pb. low, Schimank, Nernst, 1.-c. high. 
Northrup, see Zn. Bi. low, means, high, Northrup, see Zn. Cd. low, Euchen, Gehlhoff, Verh. Deutsch. Phys. Ges. 14, 
p- 169, 1912, high, Northrup, see Zn. Sn. low, Dewar, Fleming, high, Northrup, see Zn. Carbon, graphite, Metallurg. 
Ch. Eng. 13} p. 23, 1915. Silica, Campbell, Nat. Phys. Lab. 11, p. 207, 1914 Alundum, Metallurg. Ch. Eng. 12, p. 
125, 1914. 

* Diamond 1030° C, p >107; 1380°, 7.5 x 105, v. Wartenberg, 1912. 


TABLE 404,—Volume and Surface Resistivity of Solid Dielectrics. 


The resistance between two conductors insulated by a solid dielectric depends both upon the surface resistance and 
the volume resistance of the insulator. The volume resistivity, p, is the resistance between two opposite faces of a cen- 
timeter cube. The surface resistivity, a, is the resistance between two opposite edges of a centimeter square of the 
surface. The surface resistivity usually varies through a wide range with the humidity. (Curtis, Bul. Bur. Standards, 
IT, 359, 1915, which see for discussion and data for many additional materials.) 


o ; megohms a; megohms a; megohms 


p 
50% humidity. | 70% humidity. | co % humidity. Megohms-cms. 


Material. 


10° 
108 
108 
102 
ite) 

108 
108 
10 

102? 
10 

108 
109 
ie) 

102 
108 
107 
10? 
if) 

108 
103 


108 
108 
rot 
108 
IO 

102 
108 
103 
108 
10? 
IO? 
109 
103 
108 
10° 
108 
108 
ite) 

10? 


108 
108 
10% 
rot 
tot 
10° 
10? 
108 
108 
102 
icons 
109 
10° 
10° 
108 
To? 
10" 
if) 

10? 
10° 


AIDC iam reese ( 
Beeswax, yellow . 
Celluloid) 
Fiber, red 
Glass, plate. . 
“Kavalier 
Hard rubber, new 
UAGONA cy ERG © Tol 
Khotinsky cement 
Marble, Italian 
Mica, colorless 
Paraffin (parowax) 
Porcelain, unglazed . 
Quartz, fused 
Rosin . o We 
Sealing waxie. ase) ae 
Shellacivs a. 0 y 8 
EGS ea a tol ES NSN vers ah 
SHUMOV BNE ag ge ide Bee Nae ge cl ad 
Wood, parafined mahogany . . 


AO 


CNHUNNNN 


«x KKK KKK KKK KK KK KKK OK OK OK 


OP OPO COD OOOO POCO 
Cri 4d AHN 


BIO AN DW DO VDWNNWEAUN DN 

XX KKK KKK KKK KKK KK KK KK 
MWPWW AW NNN ND HHP QW HN AN 
NH ARNO D NUN DAONMNW NAN WN 
OR OR PRR IK RRS RI RIOR RIKI 


oe 


| 
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TABLE 405.—Variation of Electrical Resistance of Glass and Porcelain with Temperature. 


The following table gives the values of a, 4, and c in the equation 
log R =a- ot + c#*, 
where & is the specific resistance expressed in ohms, that is, the resistance in ohms per centimeter of a rod one 
square centimeter in cross section.* 


Range of 


Density. temp. 


Kind of glass. I 
Centigrade. 


Test-tube glass a 6 : 13.86 .00006 5 0°—250° 


14.24. .00OI sy 


Bohemian glass : 4 ; : , 16.21 .0000394 | 60-174 


—.000021 10-85 


Lime glass (Japanese manufacture) . 13.14 


“ “ “ « —.00006 


35-95 
45-120 
66-193 


14.002 


—.049 .00007 5 


Soda-lime glass (French flask) 14.58 


Potash-soda lime glass. g : ; 16.34 | —.0425 0000364 


—.055 .000088 | 105-135 


Arsenic enamel flint glass : : : 18.17 
Flint glass (Thomson’s electrometer 
jar) ° : : : : : 18.021 | —.036 | —.c000091 


Porcelain (white evaporating dish) . 15.65 | —.042 00005 


COMPOSITION OF SOME OF THE ABOVE SPFCIMENS OF GLASss. 


Number of specimen = 


Silica sere : 5 5 ‘ 61.3 


Potash 
Soda 
Lead oxide 


Lime 


22.9 
Lime, etc. 


by diff. 


Lime, etc. 
by diff. 


16.7 


Magnesia : ; : . = 


Arsenic oxide 


Alumina, iron oxide, etc. 


* T. Gray, ‘‘ Phil. Mag.’’ 1880, and ** Proc. Roy. Soc.” 1882. 


TABLE 405a,— Temperature Resistance Coefficients of Glass, Porcelain and Quartz dr/dt. 


Glass 
Porcelain. 


Quartz. 


Somerville, Physical Review, 31, p. 261, IQIo. 
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American| American : : Stubs’ | (British) Birming- 

Gage wire gage| wire gage eee resets steel wire| standard apr eg Gage 
No. (B.&S.) | (B.&S.) ails sae gage |wire gage| (ctihs’) No. 
mils.t mm.t mt ¥ mils. mils. pita 


7-9 490.0 12.4 500 7-0 
6-0 461.5 Wy 464 6-0 
550 430.5 10.9 432 5-0 
4-0 460. TI.7. 393.8 10.0 400 454. 4-0 
3-0 410. 10.4 362.5 O.2 372 425. 3-0 
2-0 365. 9.3 331.0 8.4 348 380. 2-0 
Oo 325. 8.3 306.5 7.8 324 340. 0 

I 289. 7.3 283.0 7.2 227, 300 300. by 

2 258. 6.5 262.5 6.7 219 276 284. 2 
3 229. 5.8 243.7 6.2 212, 252 250, zB) 
4 204 Ron 225.3 Ey 207. 232 238. 4 

5 182. 4.6 207.0 5.3 204 212 220. 5 
6 162. 4.1 192.0 4.9 201 192 203. 6 
G} 144. Sur 177.0 4.5 199 176. 180. 7} 

8 128. 8.3 162.0 4.1 197 160. 165. 8 
1T4. 2.0% 148.3 Sere 194, 144, 148 9 

102. 2.59 135.0 3-43 19I. 128 134 10 

i II 


32 ete 202 12.8 +325 115 10.8 9. 32 
38 7 180 11.8 +300 112 10.0 8. 33 
34 6.3 160 10.4 -264 110 9.2 Che 34 
35 5.6 143 9.5 241 108 8.4 ee 35 
36 5.0 127 9.0 .229 106 7.6 4. 36 
2Y/ 4.5 113 8.5 216 103 6.8 7 
cs 4.0 101 8.0 203 Io! 6.0 38 
39 aug 090 75 V1OX 99. Sea 39 
40 3.1 080 7.0 .178 97 4.8 40 
41 6.6 168 95 4-4 
42 6.2 157 92. 4.0 
43 6.0 152 88. 3.6 
44 5.8 147 85. Bea 
45 5-5 140 81 2.8 
46 5.2 132 079 2.4 
47 5.0 127 77 2.0 
48 4.8 122 75 1.6 
49 4.6 117 72 1.2 
50 4.4 112 69. 1.0 


* The Steel Wire Gage is the same gage which has been known by the various names: “ Washburn and Moen,” “ Roeb- 
ling,” “American Steel and Wire Co.’s.” Its abbreviation should be written “Stl. W. G.,” to distinguish it from 
“SW. G.,” the usual abbreviation for the (British) Standard Wire Gage. 

+ The American Wire Gage sizes have been rounded off to the usual limits of commercial accuracy. They are given 
to four significant figures in Tables 410 to 413. They can be calculated with any desired accuracy, being based upon 
a simple mathematical law. The diameter of No. ooo0 is defined as 0.4600 inch and of No, 36 as 0.0050 inch. ‘The 


39] (4600 
ratio of any diameter to the diameter of the next greater number Ve ==1.1229322. 
Oo 


+005) i 
Taken from Circular No. 31. Copper Wire Tables, U.S. Bureau of Standards which contains more complete 
tables. 
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WIRE TABLES. 
TABLE 407.—Introduction. Mass and Volume Resistivity of Copper and Aluminum. 


The following wire tables are abridged from those prepared by the Bureau of Standards at the 
request and with the codperation of the Standards Committee of the American Institute of Elec- 
trical Engineers (Circular No. 31 of the Bureau of Standards). The standard of copper resist- 
ance used is “The International Annealed Copper Standard” as adopted Sept. 5, 1913, by the 
International Electrotechnical Commission and represents the average commercial high-conduc- 
tivity copper for the purpose of electric conductors. This standard corresponds to a conductivity 
of 58. X10- cgs. units, and a density of 8.89, at 20° C. : 

In the various units of mass resistivity and volume resistivity this may be stated as 


0.15328 ohm (meter, gram) at 20° C. 
875.20 ohms (mile, pound) at 20° C. 
1.7241 microhm-cm. at 20° C, 
0.67879 microhm-inch at 20° C, 
10.371 ohms (mil, foot) at 20° C. 


The temperature coefficient for this particular resistivity is ago = 0.00393 OF a = 0.00427. 
The temperature coefficient of copper is proportional to the conductivity, so that where the con- 
ductivity is known the temperature coefficient may be calculated, and vice-versa. Thus the next 
table shows the temperature coefficients of copper having various percentages of the standard con- 
ductivity. A consequence of this relation is that the change of veséstivity per degree is constant, 
independent of the sample of copper and independent of the temperature of reference. ‘This re- 
sistivity-temperature constant, for volume resistivity and Centigrade degrees, is 0.00681 michrom- 
cm., and for mass resistivity is 9.000597 ohm (meter, gram). j 

The density of 8.89 grams per cubic centimeter at 20° C., is equivalent to 0.32117 pounds per 
cubic inch. 

The values in the following tables are for annealed copper of standard resistivity. The user of 
the tables must apply the proper correction for copper of other resistivity. Hard-drawn copper 
may be taken as about 2.7 per cent higher resistivity than annealed copper. 

The following is a fair average of the chemical content of commercial high conductivity copper: 


Capper cee: 99.01% Snlphuracewsstert. « 0.002% 
OUSitos oaoosaacaoa .03 TON Petr ee eee 002 
OLGA oadcadsgsnas 052 INGO GS! SSA E Soe ac Trace 
INGE sca noracooen 002 ILENE Soo on Aboosc 
PATIPIIN OMY rere ateh sels 002 Zinc SAO oe f 


The following values are consistent with the data above: 


Conductivity at o° C., in c.g.s. electromagnetic units ............... 62.969 X 107% 
Resistivitysati. @..pMlImiehrOlS- CI sameeren eee eee 1.5881 
Density: atio9 Gre. Metso seleosiete acer o aie oe cee eee eee 8.90 
Coeiicientiohlincanexpansion perdergteer Guerre seinen eee ©.000017 
“Constant mass ” temperature coefficient of resistance at 0° C. ..... 0.00427 


The aluminum tables are based on a figure for the conductivity published by the U.S. Bureau 
of Standards, which is the result of many thousands of determinations by the Aluminum Company 
of America. A volume resistivity of 2.828 michrom-cm., and a density of 2.70 may be considered 
to be good average values for commercial hard-drawn aluminum. These values give: 


Mass resistivity, in ohms (meter, gram) at 20° C............. 0.0764 
S sf SS Craviles potehinel PEP ONC oo Pk ose oc 436. 
WENSS [OX eG NGIWOAEMAY aoe cn auincs Croiyomec mas 0 obaeeas! 200.7% 
Volume resistivity, in michrom-cm. at 20° C. .............-. 2.828 
s ss Ip LaNVEST Ka) MONEE AO Os yoo qoasecekansc 15 8 ic} 
WolUmMeNpercenticon duct ty, yet ever ran. erie ee ree renee 61.0% 
Density, in grams per cubic centimeter...................-- 2.70 a 
Densityaine pounds per Cuil Cheer teen ae ee eee 0.0975 

The py eae entice content of commercial aluminum wire is 
UIA Mga meetin miserciciaeercasictott ohare Steuer tere ace 
OLLCON Ze wera cleiembehedete 4 notes oor eee Cee mie crc eee ees 5 Ke 
TrOvh:s cats iste wrens histo rarasa vetace. © vavaven moet tersteten rote aS Sarees 0.14 
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COPPER WIRE TABLES. 


TABLE 408. —Temperature Coefficients of Copper for Different Initial Temperatures (Centigrade) 
and Different Conductivities. 


Ohms 


(meter, gram) Per cent 


at 26° C. conductivity. Qo 220 


0.161 34 05% 9.004 03 0.003 73 0.003 60 
-159 66 96% .004 08 : .003 77 .003 64 


-158 02 07% .004 13 : .003 81 .003 67 
-157 53 07-3% .004 I4 _ .003 82 .003 68 


-156 40 98% .004 17 4 .003 85 06371 
+154 82 09% .004. 22 4 .003 89 003 74. 


153 28 100% .004 27 4 .003 93 .003 78 
2E5 076, Ior% .004 31 i -00 307 .003 82 


Nore. — The fundamental relation between resistance and temperature is the following: 
Re=Rt,(1+ a, [t— t,]), 


where at, is the “temperature coefficient,” and t, is the “initial temperature”’ or “temperature of reference.” 

The values of a in the above table exhibit the fact that the temperature coefficient of copper is proportional to the 
conductivity. The table was calculated by means of the following formula, which holds for any per cent conductivity, n, 
within commercial ranges, and for centigrade temperatures. (# is.considered to be expressed decimally: e.g., if per cent 
conductivity = 99 per cent, m = 0.99.) e 

it 
IBY 5 I . 
——— _ + (4 — 20) 
(0.00393) 


TABLE 409, —Reduction of Observations to Standard Temperature. (Copper.) 


Corrections to reduce Resistivity to 20° C. Factors to reduce Resistance to 20° C. 


Temper- F Temper- 
5 F . or 96 per | For 98 per | For too per 
ature C. ]Ohm (meter,| Microhm— | Ohm (mile, | Microhm— | “cont con- Gent cons lMccntieo nen aLuzelc. 


gram). cute pound). inch. ductivity. | ductivity. | ductivity. 


68.20 +0.053 58 1.0816 1.0834 1.0853 
51.15 + .o40 18 1.0600 1.0613 1.0626 
34.10 .026 79 1.0392 I.0401 1.0409 


+0.011 94 
.008 96 
.005 97 


++ 


.024 II 1.0352 1.0359 1.0367 
.O21 43 1.0311 1.0318 1.0325 
.018 75 1.0271 1.0277 1.0283 


30.69 
27.28 
23.87 


-005 37 
.004 78 
.004 18 


.016 C7 1.0232 1.0237 1.0242 
.013 40 I.0192 1.0196 1.0200 
.010 72 1.0153 1.0156 1.0160 


.003 58 
.002 99 
.002 39 


.008 04 1.0114 I.CLI7 I.O11Q 
.005 36 1.0076 1.0078 1.0079 
.002 68 1.0038 1.0039 1.0039 


eu Det hie ras 
SO CLR taken vee 
+++ +++ 444+ 44+ 
+++ +++ $4454 


° 1.0000 1.0000 1.0000 
— .002 68 0.9962 0.9962 0.9961 
.005 30 -9925 -O924 -9922 


.008 04 | .9888 .9886 .9883 
.O10 72 .9851 .9848 .9845 
.O13 40 .9815 .o81L .9807 


.016 07» 0779 9774 9770 
.018 75 -0743 -9737 +9732 
021 43 9707 -Q701 9695 


.024 II .9672 .9665 .9658 
.026 79 .9636 .9629 .9622 
.040 18 9464 9454 9443 


:053 58 .9208 .9285 .9271 
.066 98 .9138 .Q122 .Q105 
.080 37 8983 -8964 -8045 


.093 76 8833 8812 .8791 
.107 16 8689 .8665 .8642 
-120 56 8549 8523 8407 


.133 95 8413 8385 8358 
-I47 34 8281 8252 8223 
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336 TABLE 410. ce ENGLISH. 
WIRE TABLE, STANDARD ANNEALED COPPER. 
American Wire Gage (B. &S.). English Units. 


ek v 
: Cross-Section at 20° C. Ohms per 1000 Feet. 
Diameter 


in Mils. 


50° C 


. te} 
at 20° C. | Circular Mils. | Square Inches. = (aw (=122? F) 


460.0 211 600. 0.1662 : 0.049 OI 0.054 79 
409.6 167 800. .1318 : .061 80 .069 09 
364.8 133 100. 1045 : 077 93 .087 12 


324.9 105 500. .082 89 é .098 27 -1099 
289.3 83 690. 065 73 P 1239 1385 
257.0 66 370. .052 13 : 1563 1747 


220.4 52 640. O41 34 -181 .1970 2203 
204.3 41 740. .032°78 Bo 2485 2778 
181.9 33 100. .026 00 : -3133 3502 


162.0 26 250. .020 62 362 .3951 
144.3 20 820. 016 35 ; -4982 
128.5 16 510. O12 97 ae .6282 


114.4 13 0go. O10 28 : 7921 
101.9 10 380. 008 155 é 9989 
90.74 8234. .006 467 : 1.260 


80.81 6530. .005 129 3 1.588 
71.96 5178. .004 067 : 2.003 
4107. .003 225 : 2.525 


3257. .002 558 : 3.184 
2583. .002 028 : 4.016 
2048. .0OI 609 : 5.064 


1624. .OOI 276 & 6.385 
1288. .OOI O12 : 8.051 
1022. .000 802 3 : 10.15 


810.1 .000 636 3 
642.4 000 504 6 
509.5 .000 400 2 


.000 317 3 
.000 2517 
.000 199 6 


Doo tv 


SOO Ses 
= 


.000 158 3 
.000 125 5 
5000009153 


mr 


ONINH fwWW 


MOun 
bw Oo 


.000 078 94 
.000 062 60 
.000 049 64 


OY 
Onn 
Can 6 


.000 039 37 
.000 O31 22 
.000 024 76 


.000 019 64 
.000 O15 57 
.000 O12 35 


000 009 793 
.000 007 766 


* Resistance at the stated temperatures of a wire whose length is rooo feet at 20° C, 
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WIRE TABLE, STANDARD ANN EALE D COPPER (continued). 
-American Wire Gage (B.&S.). English Units (continued). 


¢ 5 Feet per Ohm.* 
Gage, | Diameter Pounds 


N in Mils. per 5 
° [at 20° C. 1000 Feet. : $ (eee F) ees ) 


460.0 640.5 ‘ b 20 400. 18 250. 
409.6 507-9 : : 16 180, 14 470. 
364.8 402.8 .482 : 12 830. II 480. 


319.5 : ' 10 i80. "9103. 
253.3 3 ; 8070. 7219. 
200.9 : ( hs 6400. 5725. 


Ny Nb 
mW On 
aso 
DW oO 


159.3 b 2 5°75: 4540. 
126.4 He : 4025. 3600. 
100.2 b f 3192. hy 28555. 


79.46 3 : 25a le 2264. 
63.02 ; : 2007. 1790. 
49.98 é : 1592. 1424. 


39.63 ; A 1262. 1129. 
31.43 82 ; I00I. 895.6 
24.92 : : 794.0 POL 


19.77 5 : 629.6 563.2 
15.68 i : 499-3 440.7 
12.43 b 8 390.0 354.2 


9.858 » 3} 314.0 280.9 
7.818 : : 249.0 222.8 
6.200 : 214. 197.5 176.7 


4.917 : : 150.6 140.1 
3.899 : : 124.2 III.1 
3.092 : ; 98.50 88.11 


2.452 ; ; 78.11 69.87 
1.945 514. 2 61.95 55-41 
1.542 40. . 49-13 43-94 


1223 : : 38.96 34.85 
0.9699 : by 30.90 27.04 
.7692 : : 24.50 21.92 


.6100 j 4 19.43 
4837 : 72 15.41 
-3836 : ‘i 12022 


-3042 87. ‘ 9.691 
.2413 5 : 7.085 
1913 : : 6.095 


Su Sy c . 4-833 
1203 . . 3833 
095 42 : : 3.040 


075 68 | 13 ; : 2.411 
.060 OL : 5 1.912 
.047 59 : 2 1.516 


037 74 500. é 1.202 
029 93 ; . 0.9534 


* Length at 20° C. of a wire whose resistance is 1 ohm at the stated temperatures, 
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338 TABLE 410 (continued). ‘ ENGLISH. 
WIRE TABLE, STANDARD ANNEALED COPPER (continued). 
American Wire Gage (B. &S.). English Units (continued). 


Diameter Ohms per Pound. Pounds per Ohm. 
oe (Ch i 50° C. ACOH EG? 
(320 a) = : (Sir 230k.) (= 68° F.) 


0.000 070 SI 0.000 076 52 0.000 085 54} 13 070. 
.000 1121 .000 1217 .000 1360 8219. 
.000 1783 000 1935 .000 2163 5169. 


.000 2835 .000 3076 000 3439 3251. 
.000 4507 .000 4891 .000 5463 2044. 
.000 7166 .000 7778 .000 8695 1286, 


.OOI 140 .OO1 237 .0OI 383 808.6 
OO 812 001 966 .002 198 508.5 
.002 881 .003 127 .003 495 319.5 


004 581 .004 972" 005 558 201.1 
007 284 .007 905 .008 838 126.5 
O11 58 O12 57 -O14 05 79-55 


018 42 019 99 022 34 50.03 
.029 28 .031 78 035 53 31.47 
. 046 56 050 53 -056 49 19-79 


.074 04 080 35 .089 83 12.45 
wy, 1278 1428 7.827 
1872 .2032 2271 4.922 


.2976 .3230 2 3.096 
4733 -5136 . 1.047 
shag 8167 : 1.224 


1.197 1.299 ‘ 0.7700 
1.903 2.005 3 4843 
3.02 5 3.283 : -3046 


4.810 ; 83 -IQIS 
of O4e : : 1205 
Be : : 075 76 


ty bok 


19.34 
62.75 
48.89 


.047 65 
.029 97 
018 85 


boy by 


(no to 
\O MI Go 


77-74 
123.6 
196.6 


O11 85 


.007 454 
004 658 


tb hy 


G NO 


Riens 
497.0 
790.2 


.002 948 
COT 854 
.0OT 166 


Do tv 


1256. 304. 24. .000 733 
1998. D0. .000 461 
2? Q a] 

3177. 3445. 354. .000 2901 


5 
Re) 
2 


gsr 5482. 5128, .000 1824 
C a . 4 

me ie 97 44- .006 1147 
catige abeiek 90. .000 072 I5 


28 oe 2 (iife) 3 . .000 045 38 
oe Zelek he 9 170. .000 028 54 
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TABLE 411. 


WIRE TABLE, STANDARD ANNEALED COPPER. 


American Wire Gage (B. &S.) Metric Units. 
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Gage 
No. 


0000 
000 
0O 


nr O 


xO” CNW MbpW 


Ls ee) 
GQ Mow 


boyd 
Own - 


bby 
Oo ON 


Ww &. 
ran 


é ‘Ohms per Kilometer.* 
Diameter Cross Section 
in mm. in mm.? 
at) 20° 'C, at’ 20° CG. oUlG. 20° €. 50° C. 75° C 
11.68 107.2 0.1482 0.1608 0.1798 0.1956 
10.40 85.03 .1868 .2028 .2267 .2406 
9.266 67.43 .2350 2557 .2858 3110 
8.252 53-48 2971 +322 «3604 3921 
7-348 42.41 3746 .4066 4545 -4944 
6.544 33-63 4724 5127 5731 6235 
5.82 26.67 5950 6465 7227 7862 
5.189 21.15 7511 8152 0113 9914 
4.621 16.77 9471 1.028 1.149 1.250 
4.115 13.30 1.194 1.296 1.449 1.576 
3-665 10.55 1.506 1.634 1.827 1.988 
3.264 8.366 1.599 2.001 2.304 2.506 
2.906 6.634 2.395 2.599 2.905 3.161 
2.588 5.261 3.020 ey 3-663 3.985 
2.305 4.172 3.807 4.132 4.019 5.025 
2.053 3.309 4.801 5.211 5.825 6.337 
1.828 2.62 6.054 6.571 7-345 7.991 
1.628 2.081 7.034 8.285 9.262 10.08 
1.450 1.65¢ 9.627 10.45 11.68 12.71 
1.291 1.309 12.14 Haley 14.73 16.02 
I.150 1.038 15.31 16.61 18.57 20.20 
1.02 0.8231 19.30 20.95 23-42 25.48 
0.9116 6527 24.34 26.42 29.53 R212 
8118 5176 30.69 Bees 37-24. 40.51 
7230 4105 38.70 42.00 46.95 51.08 
6438 +3255 48.80 52.96 59.21 64.41 
age} 2502 61.54 66.79 74.66 81.22 
5106 .2047 _ 77.60 84.21 04.14 102.4 
4547 .162 97-85 106.2 118.7 129.1 
4049 1288 123.4 133-9 149.7 162.9 
.3606 1021 155.6 168.9 188.8 205.4 
3211 080 98 190.2 212.9 238.0 258.9 
2859 064 22 247.4 268.5 300.1 326.5 
2546 050 93 311.9 338.6 378.5 411.7 
2268 040 39 393-4 420.9 477-2 519.2 
2019 032 03 490.0 538-3 601.8 654.7 
1798 025 40 625.5 678.8 758.8 825.5 
.1601 020 14 788.7 856.0 956.9 1041. 
1426 Ors 97 994.5 1079. 1207. 1313 
1270 o12 67 1254. 1361. 1522. 1655. 
1131 O10 05 I5ol. 1716. 1919. 2087. 
1007 007 967 | 1994. 2164. 2419. 2632. 
089 69 006 318 | 2514. 272 3051. 3319. 
079 87 005 O10 | 3171. 3441 3847. 4185. 


*Resistance at the stated temperatures of a wire whose length is 1 kilometer at 20° C. 
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340 ; TABLE 411 (continued). METRIC. 


WIRE TABLE, STANDARD ANNEALED COPPER (continued ). 
American Wire Gage (B. &S.) Metric Units (continued). 


d Meters per Ohm.* 
Diameter Kilograms Meters i 


in mm. per per 
at 20°C. Kilometer. Gram. ; 20° C. 50° C. 


11.68 953-2 0.001 049 : 6219. 5503. 
10.40 755:9 -OOI 323 : 4932. 4412. 
9.266 599-5 .0O1 668 : 3911. 3499. 


8.252 475.4 .002 103 : 3102. 2774. 
7.348 377.0 .002 652 ; 2460. 2200. 
6.544 299.0 .003 345 : 1951. 1745. 


5.827 237-1 .004 217 K 1547. 1384. 
5-189 188.0 .005 318 : 1227 1097. 
4.621 149.1 .006 706 : 972.9 870.2 


4.115 118.2 .008 457 771.5 690.1 
3.665 93-78 O10 66 611.8 547-3 


3-264 74.37 013 45 485.2 434.0 


2.906 58.98 .016 96 384.8 344.2 
2.588 46.77 021 38 305.1 273.0 
2.305 37-09 .026 96 242.0 216.5 


2.053 29.42 .034 00 191.9 171.7 
1.828 23.33 .042 87 152.2 136.1 
1,628 18.50 .054 06 108.0 


1.450 14.67 .068 16 
1.291 11.63 085 95 
1.150 9.226 1084 


1.024 FeQuy, .1367 
0.9116 - 5-803 723 
8118 4.602 7B 


7230 3-649 .2740 
6438 2.894 3455 
5733 2.295 4357 


5106 1.820 5494 
+4547 1.443 -6925 
4049 1.145 .87 36 


os 


.3606 . 1.102 
foot ; 1.389 
2859 : 1.752 


®RN 
G2 OO 
[oe nose) 


2546 45 2.209 
.2268 : 2.785 
2019 28 Bale 


1798 : 4.429 
1601 : 5-584 
1426 ° 7.042 


.1270 : 8.879 
ning i 089 < 11.20 
-1007 ‘ 5 14.12 


.089 69 05 17.80 
.079 87 i 22.45 


* Length at 20° C. of a wire whose resistance is 1 ohm at the stated temperatures. 
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METRIC. TABLE 411 (continued). 3 41 
WIRE TABLE, STANDARD ANNEALED COPPER (continued). 
American Wire Gage (B. &S.). Metric Units (continued). 


Diameter Ohms per Kilogram. Grams per Ohm. 
in mm, 


at 20° C. Ze 20° C, so® Cy Zor Cs 


11.68 0.000 155 4 0.000 168 7 0.000 188 6 | 5 928 000. 
10.40 .000 247 2 -000 268 2 .000 299 9 | 3 725 O00. 
9.266 _ 000 393 0 000 426 5 .000 476 8 | 2 344 000, 


ie) 
fap) 
[ome) 


§.252 .000 624 9 000 678 2 .000 758 2 | I 474 000. 
7.348 .000 993 6 .OOI 075 001 206 927 300. 
6.544 .OOI 580 .OOI 715 .OOI 917 583 200. 


bRHo 


5.827 002 512 002 72 .003 048 366 800. 
5.189 003 995 004 335 .004 846 | 230 700. 
4.621 .000 352 .006 893 .007 706 145 100. 


O10 10 O10 96 O12 25 QI 230. 
-016 06 O17 43 O19 48 57 300. 
025 53 027 71 .030 98 36 080. 


CIO Mp 


.040 60 .044 06 .049 26 22 690. 
.064 56 .070 07 .078 33 14 270. 
.1026 114 1245 8976. 


.1632 slg .1980 56.45 
-2595 .2817 -3149 3550. 
-4127 4479 5007 2233. 


.6562 "7122 .7961 1404. 
1.043 WeUAe 1.266 $83.1 
1.659 1.801 2.013 555-4 


2.638 2.863 3.201 349.3 
4.194 4-552 5.089 219.7, 
6.670 7.238 8.092 138.2 


10.60 1.51 12.87 
16.86 18.30 20.46 
26.81 29.10 R268 


bot tb 


Qn QW NH 


42.63 46.27 Ley) 
67.79 73-57 2.25 
107.8 117.0 130.8 


tb yo 


171.4 186.0 207.9 
272.5 295.8 330.6 
433-3 479-3 525:7 


toy tb 
\O ON 


689.0 747.8 836.0 
1096. 1189. 1320. 
1742. 1891. 2114. 


2770. 3000. 3361. 
4404. 4780. 5344- 
7003. 7601. 8497. 


11140. 12090. 13510. 
17710. 19220. 21480. 
28150. 30560. 34160. 


44770. 48590. 54310. 
. 71180. 77200. 86360. 
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Taste 412. ALUMINUM WIRE TABLE. 


Hard-Drawn Aluminum Wire at 20° C. (or, 68° F.). 


American Wire Gage (B. &S.). 


English Units. 


Cross Section, 


Diameter 
in Mils. Circular 


Mils. 


Square 
Inches. 


212 OOO. 
168 000. 
133 000. 


106 000. 
83 700. 
66 400. 


52 600. 
4I 700. 
33 100. 


26 300. 
20 800. 
16 500. 


13 100. 
10 400. 
8230. 


6530. 
5180. 
410. 


3260. 
2580. 
2050. 
1620. 
1290. 
1020. 


810. 


mn bh 
bon ty 
Nn ice) 
Dun 


to 


wis Oo 
Oro = 


Noy bk 


0.166 


.132 
105, 


.0829 


.0657 
.0521 


0413 
.0328 
.0260 


.0206 
.O164 
.0130 


.0103 
.008 15 
.006 47 


005 13 
.004 07 
003 23 


.002 56 
.002 03 
.OOI 61 


.0oI 28 
.OOI OI 
.000 802 


636 


505 
400 


ay 
252 
200 


000 158 
.000 126 
.000 099 5 


.000 078 9 
.000 062 6 
.000 049 6 


.000 039 4 
.000 O31 2 
000 024 8 


.000 OT9 6 
.000 O15 6 
.000 O12 3 


.000 009 79 
.000 007 77 


Ohms 


per 
1000 Feet. 


Pounds 
per 
1000 Feet. 


0.0804 
IOI 
.128 


161 
.203 
250 


323 
.408 
514 
.648 


817 
1.03 


1.30 
1.64 
2.07 


2.61 


195. 
154. 
Wee, 


97-0 
76.9 
61.0 


48.4 


.000 085 4 
.000 0537 


.000 033 8 
.000 O21 2 
.000 O13 4 


.000 008 40 
000 005 28 


SMITHSONIAN TABLES. 


Metric, Taste 413.—ALUMINUM WIRE TABLE. 343 


.Hard-Drawn Aluminum Wire at 20° C. 


American Wire Gage (B. & S.) Metric Units. 


Gage Diameter | Cross Section Ohms per Kilograms per Grams per Meters per 
{ No. in mm. in mm.2 Kilometer. Kilometer. Ohm. Ohm. 
7 . 
0000 11.7 107. 0.264 289. I 100 000. 3790. 
000 10.4 $5.0 £333 230. 690 000, 3010. 
fete) 9.3 67.4 419 182. 434 000. 2380. 
8.3 53-5 52 144. 273 000. 1890. 
I Tes ’ 42.4 .667 114. 172 000. 1500. . 
2 6.5 33-6 S41 90.8 108 000, 1190. 
3 5-8 26.7 1.06 72.0 67 goo. 943. 
4 5.2 22 1.34 inal 42 700. 748. 
5 4.6 16.8 ° 1.69 45-3 26 goo. 593. 
6 4.1 13.3 2.13 35.9 16 goo, 470. 
7 3.7 |” aweKe 2.68 28.5 To 600. Bye 
8 3.3 8.37 3.38 22.6 6680, 296 
9 2.91 6.63 4.26 17.9 4200. 225. 
10 2.59 5.26 5-38 14.2 2640. 186, 
II 2.30 4.17 6.78 Ties 1660. 148. 
12 2.05 3:3 8.55 8.93 1050. S07) 
13 1.83 3.62 10.8 7.08 657. 2.8 
14 1.63 2.0 13.6 5.62 ANB: 73.6 
15 1.45 1.65 17 4.46 260. 58.4 
16 1.29 Tait 21.6 B56 164 46.3 
17 Testy 1.04 27.3 2.80 103 30.7) ae 
18 1.02 0.82 34.4 oy 64.7 29.1 | 
19 0.91 653 43-3 ey 40.7 23.1 | 
20 8 518 54.0 1.40 25.6 18.3 
| 
21 2 41 68.9 I a 16.1 ive | 
22 64 326 86.9 0.879 10.1 Tess 
23 57 258 110 .697 6.36 Opie) 
24 51 .205 138. 553 4.00 eee 
25 45 .162 174. 438 2.52 5-74 
26 40 ae 220 348 1.58 4.55 
a a 61 
27 6 102 277. .276 0.995 3 
28 - o810 340. .219 626 2.86 
29 2 0642 440. 173 394 2.27 
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344 
TABLE 414. — Ratio of Alternating to Direct Current Resistances for Copper Wires. 


This table gives the ratio of the resistance of straight copper wires with alternating currents of different frequencies 
to the value of the resistance with direct currents. 


Frequency f = 


Diameter of 
wire in 
millimeters. 


* 


OHH 
ISTO ee aaa 


* 
H 


WUBwWHHOOOO 
BHHHHHH 


WOW NN HH HHH 


Values between 1.000 and r.oor are indicated by *r1.0o1. ; 
The values are for wires having an assumed conductivity of 1.60 microhm-cms; for copper wires at room tempera- 


tures the values are slightly less than as given in table. 

The change of resistance of wire other than copper (iron wires excepted) may be calculated from the above table 
by taking it as proportional to dv/j ‘{/p where d = diameter, f the frequency and p the resistivity. 
If a given wire be wound into a solenoid, its resistance, at a‘given frequency, will be greater than the values in the * 
table, which apply to straight wires only. The resistance in this case is a complicated function of the pitch and radius 
of the winding, the frequency, and the diameter of the wire, and is found by experiment to be sometimes as much as 
twice the value for a straight wire. 


TABLE 415.— Maximum Diameter of Wires for High-frequency Alternating-to-direct-current 
Resistance Ratio of 1.01. 


Frequency + 108... . : ; : 0.6 


Wave-length, meters 500 375 300 250 


Material. Diameter in centimeters. 


-O145 |0.0125 
-OI14r |o.0122 
o172 |o.0149 
.0457 |0.0306 
-1080 |0.0936 
.0720 0631 
-0772 |o.0664 
.0792 |o.0692 
. 312 «272 

-654 . 566 


0092 
0089 
o108 
0290 
0683 
0461 
0488 
0500 
197 

414 


0079 
0077 
0004 
0250 
O501 
0309 
0423 
0434 
eer 

358 


FOOOSTOOOS 


99990000000 
0000000000 


9990900900000 
9990900000 


. C0108 }o. 00094 Jo. : -00068]0. 00059] 0. 
L .00373|0. : .OO1§2]/0. 00132]/0. 5 - 00096]0. 00084] 0. 
Mw : : ; .00340]0.00295]o. . -00215]0.00186] 0. 


Bureau of Standards Circular 74, Radio Instruments and Measurements, 1018. 
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TABLE 416. 345 
ELECTROCHEMICAL EQUIVALENTS. . 


_ Every gram-ion involved in an electrolytic change requires the same number of coulombs or ampere-hours of elec- 
tricity per unit change of valency. This constant is 96.494 coulombs or 26.804 ampere-hours per gram-hour (a Fara- 
day) corresponding to an electrochemical equivalent for silver of o.corr1800 gram sec! amp. It is to be noted that 
the change of valence of the element from its state before to that after the electrolytic action should be considered. 
The valence of a free, uncombined element is to be considered aso. The same current will electrolyze “chemically 
equivalent” quantities per unit time. The valence is then included in the “chemically equivalent” quantity. The fol- 
lowing table is based on the atomic weights of 1917. 


Mg Coulombs 
Element. per per Element. 
coulomb. mg 


Coulombs} Grams 
per per amp.- 
hour. 


Change of 
valency 


Aluminum... . 
Chlorine 


0936 . 682 
. 72 
.164 
. 606 
.05 
518 
036 
4893 
468 
728 
4657 
9314 
8628 
4810 
9620 


. 1892 
.0946 
7298 
- 2085 
14092 
641 
821 
214 
459 
-0248 
. 8581 
-214 
.107 
- 21904 


6444 
. 289 
933 
.062 
.123 
- 9887 
+9773 
. 966 
-468 
80445 
195 
-626 
~252 


OD0ODDOHOOOHOOOOO 
HWHRONNHHOLHHRWH 
HHDOBRHHHWOOOHDN 


HNOHNOOKNOOO000N0 
OWN HwWTWONNHNOOOHO 


OOHOONHOWH 


The electrochemical equivalent for silver is o.oort1800 g sect amp. (See p. xxxvii.) 

For other elements the electrochemical equivalent = (atomic weight divided by change ot valency) times 1/96404 
g/sec/amp. or g/coulomb. The equivalent for iodine has been determined at the Bureau of Standards as 0.0013150 
(z913). - 

For a unit change of valency for the diatomic gases Bre, Cle, F2, He, Nz and O2 there are required 

8.619 coulombs/cm? o° C, 76 cm (0.1160 cm’/coulomb) 
2.394 ampere-hours//, o° C, 76 cm (0.4177 //ampere-hour). 


Nore. — The change of valency for Oz is usually 2, etc. 
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346 TaBLes 417, 418. 


CONDUCTIVITY OF ELECTROLYTIC SOLUTIONS. 


This subject has occupied the attention of a considerable number of eminent workers in 
molecular physics, and a few results are here tabulated. It has seemed better to confine the 
examples to the work of one experimenter, and the tables are quoted from a paper by F. Kohl- 
rausch,* who has been one of the most reliable and successful workers in this field. 

The study of electrolytic conductivity, especially in the case of very dilute solutions, has fur- 
nished material for generalizations, which may to some extent help in the formation of a sound 
theory of the mechanism of such conduction. If the solutions are made such that per unit 
volume of the solvent medium there are contained amounts of the salt proportional to its electro- 
chemical equivalent, some simple relations become apparent. The solutions used by Kohlrausch 
were therefore made by taking numbers of grams of the pure salts proportional to their elec- 
trochemical equivalent, and using a liter of water as the standard of quantity of the solvent. Tak- 
ing the electrochemical equivalent number as the chemical equivalent or atomic weight divided 
by the valence, and using this number of grams to the liter of water, we get what is called 
the normal or gram molecule per liter solution. In the table, 7 is used to represent the 
number of gram molecules to the liter of water in the solution for which the conductivities 
are tabulated. The conductivities were obtained by measuring the resistance of a cell filled with 
the solution by means of a Wheatstone bridge alternating current and telephone arrange..ent. 
The results are for 18° C., and relative to mercury at 0° C., the cell having been standardized by 
filling with mercury and measuring the resistance. They are supposed to be accurate to within 
one per cent of the true value. 

The tabular numbers were obtained from the measurements in the following manner : — 

Let A, = conductivity of the solution at 18° C. relative to mercury at 0° C. 

KY, = conductivity of the solvent water at 18° C. relative to mercury at 0° C. 

Then 4,, —A %, =4,, = conductivity of the electrolyte in the solution measured. 
ss == conductivity of the electrolyte in the solution per molecule, or the “specific 
molecular conductivity.” 


TABLE 417,.—Value of A, for a few Electrolytes. 


This short table illustrates the apparent law that the conductivity in very dilute solutions is proportional to the 
amount of salt dissolved. 


m MgSO, 


0.00001 é 1.056 


0.00002 : 2.104 
0.00006 ‘ 6.216 
0.0001 ¥ 10.34 


TABLE 418, —Electro-Chemical Bquivalents and Normal Solutions. 


The following table of the electro-chemical equivalent numbers and the densities of approximately normal solutions 


of the salts quoted in Table 419 may be convenient. They represent grams per cubic centimeter of the solution 
at the temperature given. 


Grams 
per liter. 


Grams 


Salt dissolved. ; 
per liter. 


Density. | Salt dissolved. 


74 
Og 
uo} 


Density. 


ISCie: 
NH,4Cl 
NaCl . 
Te1Cl 

,BaCle 
$ZnClo 
1s 

KNOs 
NaNOs 
AgNOg3 op) 
4 Ba(N Os)o . a Ora 63.13 
KC1O3 , “ : .0367 | 4H2S - | 49.06 
KC2H302 . . : .0467 


0457 | 3K2SOq . 7.16 
0152 ag . | 71.09 
0391 | 3 } ‘ $5.09 
.0227 | 3 Cyy 0.17 
0888 ys |} ties 
0592 - | 79:9 
1183 | $Ke2COg . | 69.17 
.o601 | 4Nap - | 53:04 
.0542 | ae, 
= 36.51 


1.0658 
1.0602 
1.0445 
1.0573 
1.0794 
1.0776 
1.0576 
1.0517 
1.0477 
1.0161 
1.0318 
1.0300 


onan! 


OOK HH HH HHH 
win O 0 010 0 0'O 0 
= 
to 
en a 
DONT 9 Ain GO GO 6 90 
COW NW ADO 


OOO 


* “Wied. Ann.’ vol. 26, pp. 161-226, 1885. 
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ie 419. ‘ . 347 


SPECIFIC MOLECULAR CONDUCTIVITY »: MERCURY =10'. 


Le mae Lie 


(eh a 


* Acids and alkaline salts show peculiar irregularities. 
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348 TaBLes 420, 421. 
LIMITING VALUES OF pw. TEMPERATURE COEFFICIENTS. 


TABLE 420.— Limiting Values of p. 


This table shows limiting values of » = & _r08 for infinite dilution for neutral salts, calculated from Table 271. 
um 


Salt. Salt. Salt. 


$BaCle . 4MgsO, . $H2SO4 


4K C1050. 3NapSOu . HCl 


4BaNg0¢ . TANGA oa HNOs3. 
4CuSO, .| 1100 INEKGI 5g +H3PO4 
AgNO3 .| 1090 NaNO3_ . KOH 
SYGNSO, g|| itoreto KeyC2H30¢ 4NaeCOz . 


If the quantities in Table 420 be represented by curves, it appears that the values of the 
specific molecular conductivities tend toward a limiting value as the solution is made 
more and more dilute. Although these values are of the same order of magnitude, they 
are not equal, but depend on the nature of both the ions forming the electrolyte. 

When the numbers in Table 421 are multiplied by Hittorf’s constant, or 0.00011, quan- 
tities ranging between 0.14 and 0.10 are obtained which represent the velocities in milli- 
metres per second of the ions when the electromotive force gradient is one volt per 
millimetre. 

Specific molecular conductivities in general become less as the concentration is in- 
creased, which may be due to mutual interference. The decrease is not the same for 
different salts, but becomes much more rapid in salts of high valence. 

Salts having acid or alkaline reactions show marked differences. They have small 
specific molecular conductivity in very dilute solutions, but as the concentration is in- 
creased the conductivity rises, reaches a maximum and again falls off. Kohlrausch does 
not believe that this can be explained by impurities. H3PQO, in dilute solution seems to 
approach a monobasic acid, while H2SO4 shows two maxima, and like H3PO4 approaches 
in very weak solution to a monobasic acid. 

Kohlrausch concludes that the law of independent migration of the ions in media like 
water is sustained. 


TABLE 421. — Temperature Coefficients. 


The temperature coefficient in general diminishes with dilution, and for very dilute solutions appears to approach a 
common value. The following table gives the temperature coefficient for solutions containing o.or gram mole- 
cule of the salt. 


Temp. 
Coeff. 


TCR s a0: Keon | OLO2 TO 


ING Clee ' KNOs3 . .| 0.0216 


NaCian ne NaNO. 
TACT a toes AgNOs. 
aBaCl i.e 4Ba(NOs)o 


SULTON a ast KGlOre 
l 


4MgCly . B KC2H302 . for m= .OOI { 
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TaBLeE 422. 349 


THE EQUIVALENT CONDUCTIVITY OF SALTS, ACIDS AND BASES IN 
AQUEOUS SOLUTIONS. 


In the following table the equivalent conductance is expressed in reciprocal ohms. The con- 
centration is expressed in milli-equivalents of solute per litre of solution at the temperature to which 
the conductance refers. (In the cases of potassium hydrogen sulphate and phosphoric acid the 
concentration is expressed in milli-formula-weights of solute, KHSO 4 or H3POg, per liter of solu- 
tion, and the values are correspondingly the modal, or ‘‘ formal,” conductances.) Except in the 
cases of the strong acids the conductance of the water was subtracted, and for sodium acetate, 
ammonium acetate and ammonium chloride the values have been corrected for the hydrolysis of 
the salts. The atomic weights used were those of the International Commission for 1905, referred 
to oxygen as 16.00. Temperatures are on the hydrogen gas scale. 


gram equivalents 
1000 liter 
reciprocal ohms per centimeter cube _ 
gram equivalents per cubic centimeter 


Concentration in 


Equivalent conductance in 


Equivalent conductance at the following ° C temperatures. 
Substance. 


18? Z50 728° |) 156°) || 218° | 28r° 


Potassium chloride . 130.1 |(152.1) (519); 625 | 825 | 1005 
ae e F 2 | 126.3 | 146.4 S808 77.90.930 
122.4 | 141.5 | | 470 | 560 | 741 | 874 
ates, = — | 498 | 638 | 723 
‘ 12.0 | 120.0 | 415 | 490 
Sodium chloride. . | 109.0 | - | 555 | 760 | 970 
w yy 5s 105.6 | Bayt || Geel <ef0)s) 
ee 102.0 | 6 511 | 685 | 820 
93 5 | 450 | 500 | 674 
qed 92.0 442 
Silver nitrate. . . 115.8 | 570 | 780 | 965 
ie Y seers Ms A) 539.) 727 
ees 108.0 507 | 673 
105.1 488 | 639 
101.3 | 462 | 599 
96.5 = |-432°) 552 
94.6 


Sodium acetate . . | 78.1 - 450 | 660 
s se aati 74.5 421 | 578 
€ es Sa | 71.2 396 | 542 
%e ee 63-4 340 | 452 
»Magnesium sulphate 114.1 | 690 | 1080 
‘ " 94.3; ~ 377 | 260 

70.1 


ie 241 | 143 
Bel 195 | I10 
ae | 158 | 88 
ee = 75 
49.8 | Ee 

43-1 | 109 
130.1 | (628) | (841) 
126.5 | 601 
122.5 573 
118.1 | = 

(99-8) (523) 
450 
426 


From the investigations of Noyes, Melcher, Cooper, Eastman and Kato; Journal of the American Chemical Society, 
30, P- 335, 1908. 
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350 TABLE 422 (continued). 


THE EQUIVALENT CONDUCTIVITY OF SALTS, ACIDS AND BASES IN 
AQUEOUS SOLUTIONS. 


Equivalent conductance at the following ° C temperatures. 
Substance. 


50° 128° | 156° | 218° | 281° 


840 | 1120 
715 
618 
597 
449 


1065 
806 
672 
545 
482 


Barium nitrate. 


“ “ce 


Potassium sulphate . 
“ “ 


| 1265 
eee, 
| 1168 | 
| 1044 
| 1006 | 
(1230) 
1166 


(Were Pant ean emt be RMP el Ul all cle oe 
[es eae FRC) Wee UD Ue Pee A Te UA) 


fas 
563 

533 

502 

483 

Potassium hydrogen 
sulphate 


Phosphoric acid 


° 


ORNWN OWN DE pun DT ALYY 


bo 
Ww 
CO - 
SH 


RN HW ty 


Acetic acid . 


“ “cc 


— 


Gis 


O* 
ums 


COD 4 


uA SOHN | 
nO 


“ 


“ 


Barium hydroxide 


Nome) 
4 


oO 


Ammonium hydrox- 
ide . 


- |136] - | 13.0| 
G7 27-47) = ect 


Www 
HAD 
(omen ne)\ 


* ‘These values are at the concentration 80.0, 
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TABLE 423. 351 


THE EQUIVALENT CONDUCTIVITY OF SOME ADDITIONAL SALTS IN 
AQUEOUS SOLUTION. 


Conditions similar to those of the preceding table except that the atomic weights for 1908 were used. 


Equivalent conductance at the following ° C remperstiys: 
Concen- 


Substance. . = aes ey 
; 18° 100° 128° 156° 


Potassium nitrate. . . 8 | 126.3 : 384 580 
. Samaras | rs) gs : 122.5 7 : 9 | 370.3 ; 551 
5 War te : 117.2 : : al |l, Bisiioks 4 | 520.4 
320.1 «9 | 476.1 
6 Ngee 308. 5 5 44723 
Potassium oxalate. . . : 4 : 419 -| 538 653 
* 3, Oy nas 4. k b ‘ .2 | 389.3 ). 587 
6S 354.1 8 | 524.3 
312.2 8 | 449.5 
288.9 .2 | 409.7 
Fie aa PASS ayaa) || aun 
Calcium nitrate . . . ; : : 369 alesis 
< cs es : 5 ; ; a7 340.5 .4 | 529.8 
gk 314.6 | aS | 2y/zey 
270.8 405.1 
255-5 I | 360.1 
234-4 334-7 
oi 


427.6 
349 
272.4 
245 
DED» 
; 203.1 
Barium ferrocyanide. . ; 521 
Gs Aire ; : : 7 202. 

Stee ea ae: ; ? : : : 1308 
Calcium ferrocyanide . 512 


“cc “ 


84.3 
77-5 
or a 76.2 
Potassium citrate... : : : 420 


381.2 
Spay 
326 
27.9 
247-5 
BS saps 209.5 
Lanthanum nitrate . .| . : ; ‘ 413 
| se Ls re: : . : . 8 | 363.5 
a.” 311.2 
261.4 
236.7 
210.8 


MH Cinw 
SPugas 


bHWWAUN 
On Mh uN 


aN 


From the investigations of Noyes and Johnston, Journal of the American Chemical Society, 31, p. 287, 1909. 
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CONDUCTANCE OF IONS.—HYDROLYSIS OF AMMONIUM ACETATE. 


TABLES 424, 425. 


TABLE 424, —The Equivalent Conductance of the Separate Ions. 


From Johnson, Journ. Amer. Chem. Soc., 31, p- 1010, 1909. 


TABLE 425, —Hydrolysis of Ammonium Acetate and Ionization of Water. 


Temperature. 


Percentage 
hydrolysis. 


Ionization constant 
of water. 


Hydrogen-ion concen- 
tration in pure water. 
Equivalents per liter. 


KyXr10l4 


CyX 107 


0.089 


0.30 
0.68 
0.91 


6.9 


14.9 


Noyes, Kato, Kanolt, Sosman, No. 63 Publ. Carnegie Inst., Washington. 
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TABLES 426, 427. 353 
DIELECTRIC STRENGTH. 
TABLE 426, — Steady Potential Difference in Volts required to produce a Spark in Air with Ball Electrodes. 


R=o0. ¥ R=. 
Points. : : Plates. 


Based on the results of Baille, Bichat-Blondot, Freyburg, Liebig, Macfarlane, Orgler, Paschen, Quincke, de la Rue, 
Wolff. For spark lengths from 1 to 200 wave-lengths of sodium light, see Earhart, Phys. Rev. 15, p. 163; Hobbs, 
Phil. Mag. 10, p. 607, 1905. 


TABLE 427, — Alternating Current Potentials required to produce a Spark in Air with various Ball Elec- 
trodes. 


The potentials given are the maxima of the alternating waves used. Frequency, 33 cycles per 
‘ second. 


Spark length. 
cm. 


Based upon the results of Kawalski, Phil. Mag. 18, p. 699, 1909. 
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354 TaBLes 428, 429. 
DIELECTRIC STRENGTH. 
TABLE 428, — Potential Necessary to produce a Spark in Air between more widely Separated Electrodes. 


Steady potentials. Steady potentials. 


Alter- 
Alter- 


nating current. 


Ball electrodes. Cup electrodes. Ball electrodes. 


| 
Projection. 


Spark length, cm. 
Spark length, cm. 
nating current. 


R=2.5 cm. 


R=2.5 cm. 


Dull points. 
Dull points. 


4.5 mm. 1.5mm. 


= = 11280 
17610 17620 17420 


a 
8 
ie} 


86830 


23050 22950 A 90200 
30240 31390 31260 : 91930 
33800 30810 30700 s 93300 
37930 | 44310 44510 . 94400 
42320 56000 56530 é 94700 
45000 65180 68720 : 101000 
46710 71200 81140 

- 75300 92400. 
49100 78000 103800 

- 81540 114600 
50310 | 83500 126500 

7 ia 135700 


MUUREOWNHAHMOOO 
MmodnmMdMNdNdMwb ONWMwW 


This table for longer spark lengths contains the results of Voege, Ann. der Phys. 14, 1904, using alternating current 
and ‘‘dull point”? electrodes, and the results with steady potential found in the recent very careful work of C. Mii} 
ler, Ann. d. Phys, 28, p. 585, 1909. 


>+— The specially constructed elec- 

ate trodes for the columns headed 

‘ | ‘cup electrodes ’’ had the form of 

AL : a projecting knob 3 cm. in diame- 
; <> ‘ 


; : ter and having a height of 4.5 mm. 
i€— 22cm. —): and 1.5 mm. respectively, attached 
: poe : to the plane face of the electrodes. 
i/_ @em> \: These electrodes give a very satis- 
factory linear relation between the 
spark lengths and the voltage 
throughout the range studied. 


TABLE 429, — Effect of the Pressure of the Gas on the Dielectric Strength. 


Voltages are given for different spark lengths 7. 


Pressure. 
cm. Hg, 


This table is based upon the results of Orgler, 1899. See this paper for work on other gases (or Landolt-Bérnstein- 
Meyerhoffer), s 

For long spark lengths in various gases see Voege, Electrotechn, Z, 28, 1907. For dielectric strength of ai , 
in cylindrical air condensers, see Wien, Ann. d, Phys. 29, p. 679, 1909. é S aS and COs 
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TABLE 411. 339 
‘WIRE TABLE, STANDARD ANNEALED COPPER. 
American Wire Gage (B. &S.) Metric Units. 
Ohms per Kilometer. * 
Diameter Cross Section 
Gage in mm. in mm.? P 
No at 20° C. at 20°C. oo C. 20°C, 50° @; 75°C 
0000 11.68 107.2 0.1482 0.1608 0.1798 0.1950 
000 10.40 85.03 1868 .2028 .2267 .2400 
00 9.266 67.43 .2350 2557 -2858 3110 
fo) 8.252 53-48 2971 322 +3604 +3921 
I 7-348 42.41 -3746 .4006 “4545 4944 
2 6.544 33-63 4724 5127 “5731 6235 
3 5.827 26.67 5950 6465 ee, 7862 
| 4 5-189 21.15 SL 8152 O113 9914 
5 4.621 16.77 -9471 1.028 1.149 1.250 
6 4.115 13.30 1.194 1.296 1.449 1.576 
3.665 10.55 1.506 1.634 1.827 1.988 
8 3.264 8.366 1.899 2.001 2.304 2.506 
9 2.906 6.634 2.395 2.599 2.905 3-161 
Io 2.588 5-201 3.020 Bway 3-663 3.985 
| II 2.305 4.172 3-807 4.132 4.619 5.02 
12 2.053 3-309 4,801 5-211 5.825 6.337 
| 13 1.828 2.024 6.054 6.571 7-345 7.991 
| 14 1.628 2.081 7.034 8.285 9.262 10.08 
15 1.450 1.65c 9.627 10.45 11.68 EG 
16 1.291 1.309 12.14 D3", 14.73 16.02 
| 17 1.150 1.038 Teo 16.61 18.57 20.20 
18 1.024 0.8231 19.30 20.95 23.42 25.48 
| I9- 0.916 6527 24.34 26.42 29.53 32.12 
20 8118 5176 30.69 Bee 1 37.24 40.51 
21 7230 4105 38.70 42.00 46.95 51.08 
22 .6438 3255 48.80 52.96 59.21 64.41 
23 5733 2582 61.54 66.79 74.06 81.22 
24 ESIOOm .2047 77.60 84.21 94.14 102.4 
25 4547 1624 97-85 100.2 THR 129.1 
26 -4049 .1288 123.4 133-9, 149.7 162.9 
27 3606 1021 155.6 168.9 188.8 205.4 
28 g2un .080 98 190.2 212.9 238.0 258.9 
29 .2859 .064 22 247.4 268.5 300.1 326.5 
30 2546 050 93 311.9 338.6 378.5 411.7 
Bu .2268 040 39 393.4 426.9 477.2 519.2 
32 .2019 032 03 490.0 539.3 601.8 654.7 
.1798 025 40 625.5 678.8 758.8 825.5 
a 1601 020 I4 788.7 $56.0 956.9 O41. 
35 1426 15 97 994.5 1079. 1207. 13}. 
36 1270 o12 67 1254. 1361. mG22s 1655. 
37 1131 O10 05 1581. 1716, 1919. 2087. 
38 .1007 007 967 | 1994. 2164. 2410. 2632. 
39 .089 69 006 318 | 2514. 2729. 3051. 3319. 
40 .079 87 005 O10 | 3171. 3441. 3847. 4185. 


*Resistance at the stated temperatures of a wire whose length is 1 kilometer at 20° C. 
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340 TABLE 411 (continued). - METRIC. 
| WIRE TABLE, STANDARD ANNEALED COPPER (continued ). - 
American Wire Gage (B. &S.) Metric Units (continued). = 


Diameter 
in mm, 
at 26° GC, 


Kilograms 
per 
4 Kilometer. 


Meters 
per 
Gram. 


Meters per Ohm.* 


20° C, 


50° C. 


11.68 
10.40 
9.266 


8.252 
7-348 
6.544 


5.827 
5-189 
4.621 


4.115 
3.665 
3.204 


2.906 
2.588 
2.305 


2.053 
1.828 


1.628 


1.450 
1.291 
1.150 


1.024 
0.9116 
8118 


7230 
6438 
-5733 


5106 
4547 
-4049 


.3606 
neni 
2859 


.2546 
.2268 
.2019 


-1798 
1601 
1426 


1270 


Suey 
1007 


.089 69 
.079 87 


OS8r2 
755°9 
Boh 


475-4 
377-0 
299.0 


2B 70 
188.0 
149.1 


118.2 
93-78 
74-37 


58.98 
46.77 ~ 
37-09 


29.42 
23-33 
18.50 


14.67 
11.63 
9.226 


7-317 
5.803 
4.602 


3-649 
2.894 
2.295 


1.820 
1.443 
1.145 


0.001 049 
.OOL 323 
.0OI 668 


.002 103 
.002 652 
-003 345 


.004 217 
.005 318 
.006 706 


.008 457 
-O10 66 


013 45 


016 96 
.021 38 
.026 96 


034 00 
.042 87 
054 06 


.068 16 


085 95 
.1084 


.1367 
1723 
“2173 


.2740 
3455 
4357, 
5494 
.6928 
8736 


1,102 


219. 
“ee 
3911. 


3102. 
2460. 
1951. 


1547. 


1227. 
972-9 
771.5 
611.8 
485.2 
384.8 
305.1 
242.0 


191.9 


152.2 


5563. 
4412. 
3499. 


2774. 
2200. 


1745. 


1384. 
1097. 
870.2 


690.1 
547-3 
434.0 


344-2 
273.0 
216.5 


iy fiter, 
136.1 
108.0 


85.62 
67.90 


wphiun 
(oom SS) 


me Nw N 
HO vn 
ONO 
totin ty 


* Length at 20° C, of a wire whose resistance is 1 ohm at the stated temperatures. 
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TABLE 411 (continued). 


341 


WIRE TABLE, STANDARD ANNEALED COPPER (continued). 


American Wire Gage (B. &S.). 


Metric Units (continued). 


Diameter 
in mm. 
at 20° C. 


Ohms per Kilogram. 


Grams per Ohm. 


20°C, 


fof (G;, 


20°C. 


NNN 
WN 


by th by 
Qn 


LS ee) 
\O CONT 


0.000 155 4 
.000 247 2 


000 393 0 


000 624 9 
.000 993 6 
.OOI 550 


.002 512 


foe} S95) 
.006 352 


.O10 IO 
.016 06 


6025 53 


.040 60 
.064 50 
-1026 


.1632 
52505 
.4127 


6562 
1.043 
1.659 


2.638 


4.194 
6.670 


10.60 
16.86 
26.81 


42.63 
67-79 
107.8 


171.4 
27285 
A s}o3) 


689.0 
1096. 
1742. 


ZO: 
4404. 
7003. 


T1140. 


17710. 
28150. 


44770. 
71180. 


0.000 168 7 
.000 268 2 
000 426 5 


.000 678 2 
.001 078 
.OOI 715 


.002 726 


SION IS 
006 893 


O10 96 
O17 43 
7 Gt 


.044 06 
O70 07 
-IlI4 


swept 
2817 


4479 


M722 
igll 92 
1.801 


2.863 
4-552 
7230 


tea 
18.30 
29.10 


46.27 
TPM 
117.0 


186.0 
295.5 
479.3 


747.8 
1189. 
1891. 


3006. 


4780. 
7001. 


12090. 
19220. 
30560. 


48590. 
77200. 


0.000 188 6 


000 299 9 
.000 476 8 


.000 758 2 
.OOr 206 
.OOI 917 


.003 048 
.004 846 
.007 706 


O12 2 
019 48 
030 98 


.049 26 
078 33 
.1245 


.1980 
23149 
5007 


7961 


1.266 
2.013 


3.201 


5-089 
8.092 


5 928 000. 
3 728 000. 
2 344 000. 


I 474 000. 
927 300. 
583 200. 


366 800. 
230 700. 
145 100. 


QI 230. 
57 380. 
30 080. 


22 690. 
TAN2Z7 0; 
8976. 


56.45 
3550. 


BAB): 

1404. 
$83.1 
555:4 


349-3 
210.7 
138.2 
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342 ? Tas.e 412.—ALUMINUM WIRE TABLE. 


Hard-Drawn Aluminum Wire at 20° C. (or, 68° F.). 


American Wire Gage (B. &S.). 


ENGLISH. 


Cross Section. 


Diameter 
in Mils. Circular 


Mils. 


Square 
Inches. 


Ohms 


per 
1000 Feet. 


Pounds 
per Ohm. 


212 O00. 
168 000. 
133 000. 


106 000, 
83 700. 
66 400. 


52 600. 
41 700. 
33 100. 


26 300. 
20 800. 
16 500. 


13 I00. 
10 400. 
8230. 


6530. 
5180. 
4110. 


3260. 
2580. 
2050. 


1620. 
1290. 
1020. 


Sto. 
642. 


bm wh 


NHN 


we AUN Way 
moun (one, ae) QW 


0.166 
.132 
.105 


.0829 


0657 
.0521 


0413 
.0328 
.0260 


.0206 
.O164 
0130 


0103 
008 15 
.006 47 


005 13 
.004 07 


.003 23 


.002 56 
.002 03 
.OOI 61 


.0OI 28 
.OOI OI 
.000 802 


.000 636 
.000 505 
.000 400 


.000 317 
.000 252 
.000 200 


.000 158 
.000 126 
.000 099 5 


.000 078 9 
.000 062 6 
000 049 6 


.000 039 4 
.000 031 2 
.000 024 8 


.000 019 6 
.000 OF5 6 
.000 O12 3 


.000 009 79 
.000 007 77 


0.0804 
IOI 
128 


-I61 


.000 868 


000 546 
000° 343 
.000 216 


.000 136 
.000 O85 4 
.000 053 7 


.000 033 8 
:000 O21 2 
.000 O13 4 


.000 008 40 
-000 005 28 


Feet 
per Ohm. 


12 400. 
9860. 
7820. 


6200. 
4920. 
3900. 


3090. 
2450. 
1950. 
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Metric. TaBLe 413.—-ALUMINUM WIRE TABLE. © 343 
Hard-Drawn Aluminum Wire at 20° 0. 


American Wire Gage (B. & S.) Metric Units. 


Gage Diameter | Cross Section | -Ohms per Kilograms per Grams per Meters per 
| No. in mm, in mm.? Kilometer. Kilometer. Ohm. Ohm, 
0000 II.7 107. 0.264 289. I 100 000. 3790. 
000 10.4 85-0 333 230. 690 000. | 30r0. 
(ele) 9.3 67.4 -419 192. 434 000. 2380. 
° 8.3 53:5 ce) 144. 273 000, 1890. 
I 7.3 42.4 .667 IT4. 172 000. 1500. 
2 6.5 33-6 841 90.5 108 000, IIgo. 
3 5.8 26.7 1.06 72.0 67 goo. 943. 
4 5.2 Zee 1.34 57.1 42 700. 748. 
5 4.6 16.8 1.69 45:3 26 goo, 593: 
6 4.1 13:3 Dw 35.9 16 goo. 470. 
7 Shy) 10.5. 2.68 28.5 10 600. BiB: 
8 B33 8.37 3.38 22.6 5680. 290. 
9 2.91 6.63 4.26 17.9 4200. 235- 
10 2.59 5.26 5.38 14.2 2640, 186. 
II 2.30 4.17 6.78 1} 1660. 148. 
12 2.05 3.31 8.55 8.93 1050. Tb 
13 1.83 2.62 10.8 7.08 657. 2.8 
14 1.63 2.08 13.6 5-62 413. 73.6 
15 1.45 1.65 17.1 4.46 260 58.4 
16 1 1.31 21.6 Bu538 164 46.3 
17 1.15 1.04 27.3 2.80 103 36.7 
18 1.02 0.82 34.4 2.22 64.7 29.1 
19 0.91 653 43-3 1.76 40.7 23.1 
20 81 518 54-6 1.40 25.6 18.3 
21 2 411 68.9 AAR 16.1 14.5 
22 64 326 86.9 0.879 10.1 Hig 
23 57 258 IIo. .697 6.36 9.13 
24 51 .205 138. 553 4.00 7.24 
25 45 .162 174. 435 2.52 5-74 
26 40 2G 220 348 1.58 4.55 
27 6 102 Pla fe 276 0.995 3.61 
2 a 0810 349. 219 926 2.86 
29 2 0642 440. 73 394 2.27 
30 2 0509 555: ees .248 1.80 
31 ee. .0404 700. i cele) .156 1.43 
2 .202 0320 883. 0865 .0979 L.13 
33 .180 02 54 IrIo. .0686 0616 0.899 
34 -160 0201 | 1400. 0544. 0387 ye 
25 143 0160 1770. .0431 .0244 565 
36 We .O12 "2230. .0342 .0153 448 
37 113 .O100 2820. 0271 .009 63 355 
38 101 .0080 3550. 0215 .006 06 252 
39 .090 .0063 4480. O71 .003 SI 223 | 
40 080 .0050 5040. 0135 .002 40 LT 
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TABLES 414-415. 


344 
TABLE 414.— Ratio of Alternating to Direct Current Resistances for Copper Wires. 


This table gives the ratio of the resistance of straight copper wires with alternating currents of different frequencies 
to the value of the resistance with direct currents. 


Frequency f = 


Diameter of 
wire in 
millimeters. 


* 
H 


ONUBWHHOOOO 
BHHHHHH 


RBMARWNHHHHHH 


WOnWNHD HHHHHA 


OHH 


Values between 1.000 and r.oor are indicated by *r.oor. : , 
The values are for wires having an assumed conductivity of 1.60 microhm-cms; for copper wires at room tempera- 


tures the values are slightly less than as given in table. 

The change of resistance of wire other than copper (iron wires excepted) may be calculated from the above table 
by taking it as proportional to dv/j ‘{/p where d = diameter, f the frequency and p the resistivity. 

If a given wire be wound into a solenoid, its resistance, at a given frequency, will be greater than the values in the 
table, which apply to straight wires only. The resistance in this case is a complicated function of the pitch and radius 
of the winding, the frequency, and the diameter of the wire, and is found by experiment to be sometimes as much as 
twice the value for a straight wire. 


TABLE 415.— Maximum Diameter of Wires for High-frequency Alternating-to-direct-current 
Resistance Ratio of 1.01. 


Frequency + 108... . 


Wave-length, meters 


Material. Diameter in centimeters. 


.O145 
.O14I 
.O172 
0457 
. 1080 
.0720 
.0772 
.07Q2 
~312 

654 


Constantan... 0.11. 
German silver 


ROOOSTOOGS 
SOOS000000 
0000000000 


TSTTOOSDON 
C000000000 
0009000000 


Carbon 


Tron po : : . OOT; . 00108 
a : j : 87/0. 00152 
Me : ; 5 00340 


loom) 
000 


Bureau of Standards Circular 74, Radio Instruments and Measurements, ror8. 
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TABLE 416. : 345, 
ELECTROCHEMICAL EQUIVALENTS. 


Every gram-ion involved in an electrolytic change requires the same number of coulombs or ampere-hours of elec- 
tricity per unit change of valency. This constant is 96.494 coulombs or 26.804 ampere-hours per gram-hour (a Fara- 
day) corresponding to an electrochemical equivalent for silver of o.co1rr800 gram sec! amp-!. It is to be noted that 
the change of valence of the element from its state before to that after the electrolytic action should be considered. 
The valence of a free, uncombined element is to be considered as'o. The same current will electrolyze. ‘chemically 
equivalent” quantities per unit time. The valence is then included in the “chemically equivalent” quantity. The fol- 
lowing table is based on the atomic weights of 1917. 


Mg Coulombs| Grams ; Mg Coulombs| Grams 
Element. per per per amp.- Element. per per per amp.- 
coulomb. mg hour. coulomb. mg hour. 


6081 
3041 
2027 
o82or | 1 
o4145 | 24. 
O1I5 


Aluminum... . I 
3 
4 
2 
4 
° 

$057 Tt. 
aN 
2 
° 
4 
I 
3 
2 


Chlorine 


. 1892 
.0946 
7208 
. 2985 
.1492 
641 
821 
214 
459 
.0248 
. 8581 
.214 
107 
. 21904 


0936 .682 
. 721 
.164 
. 606 
05 
.518 

3.036 


O. 6444 
I: 8 
Oo. 
(o)5 
Os 
ae 
rf. 
-4893 | 7. 
ie 
oO” 
We 
3. 
28 
ia 
Sis 


Platinum... . 
rr) 


“ 


3372 
4052 
1180 
2334 
6151 
3075 
3387 


.468 Potassium. . . 
. 010450 .728 

-1473 4657 
-0736 -9314 
5368 .8628 
.0789 . 4810 
-0394 .9620 


HHDHDOBRHHHWBOOORDN 


He OHNoon9000000 
©000H000H00000 


The electrochemical equivalent for silver is o.oort1800 g sect amp. (See p. xxxvii.) , 
For other elements the electrochemical equivalent = (atomic weight divided by change ot valency) times 1/96404 
g/sec/amp. or g/coulomb. The equivalent for iodine has been determined at the Bureau of Standards as 0.0013150 
(1913). } 
For a unit change of valency for the diatomic gases Brz, Cle, F2, He, Nz and Os there are required 
8.619 coulombs/cm3 o° C, 76 cm (0.1160 cm?/coulomb) 
2.304 ampere-hours//, o° C, 76 cm (0.4177 //ampere-hour). 


Nortr. — The change of valency for O:2 is usually 2, etc. 
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346 TaBles 417, 418. 


CONDUCTIVITY OF ELECTROLYTIC SOLUTIONS. 


This subject has occupied the attention of a considerable number of eminent workers in 
molecular physics, and a few results are here tabulated. It has seemed better to confine the 
examples to the work of one experimenter, and the tables are quoted from a paper by F. Kohl- 
rausch,* who has been one of the most reliable and successful workers in this field. 

The study of electrolytic conductivity, especially in the case of very dilute solutions, has fur- 
nished material for generalizations, which may to some extent help in the formation of a sound 
theory of the mechanism of such conduction. If the solutions are made such that per unit 
volume of the solvent medium there are contained amounts of the salt proportional to its electro- 
chemical equivalent, some simple relations become apparent. The solutions used by Kohlrausch 
were therefore made by taking’ numbers of grams of the pure salts proportional to their elec- 
trochemical equivalent, and using a liter of water as the standard of quantity of the solvent. Tak- 
ing the electrochemical equivalent number as the chemical equivalent or atomic weight divided 
by the valence, and using this number of grams to the liter of water, we get what is called 
the normai or gram molecule per liter solution. In the table, 7 is used to represent the 
number of gram molecules to the liter of water in the solution for which the conductivities 
are tabulated. The conductivities were obtained by measuring the resistance of a cell filled with 
the solution by means of a Wheatstone bridge alternating current and telephone arrangement. 
The results are for 18° C., and relative to mercury at 0° C., the cell having been standardized by 
filling with mercury and measuring the resistance. They are supposed to be accurate to within 
one per cent of the true value. 

‘The tabular numbers were obtained from the measurements in the following manner : — 

Let A,, conductivity of the solution at 18° C. relative to mercury at 0° C. 

AY, = conductivity of the solvent water at 18° C. relative to mercury at 0° C. 


Then A,, —X ¥, = 4,, = conductivity of the electrolyte in the solution measured. 


k 6 ‘ c : 
M18 yy conductivity of the electrolyte in the solution per molecule, or the “specific 
m 


. molecular conductivity.” 


TABLE 417,.—Value of kj, for a few Electrolytes. 


This short table illustrates the apparent law that the conductivity in very dilute solutions is proportional to the 
amaunt of salt dissolved. : 


0.00001 
0.00002 
0.00006 
0.0001 


TABLE 418, —Electro-Chemical Equivalents and Normal Solutions. 


The following table of the electro-chemical equivalent numbers and the densities of approximately normal solutions 


of the salts quoted in Table 419 may be convenient. They represent grams per cubic centimeter of the solution 
at the temperature given. 


ce 

© 

FS} 
Uv 


: G . . : G : 
Salt dissolved. Te Density. | Salt dissolved. partes Cue Density. 


INCI a. 
NH,Cl 
INEXEM 
ILE 
4ZnCle 
Kole 
KNOg3: 
NaNOgs 
AgNO3 . . 
4Ba(NOs)e2 . = an 63.13 
TCCNOFn 2 ; .0367 | 4H. . | 49.06 
KC2H302 . 3.18 | 18. .0467 


° 


1.0457 2504 .| 87.16 
1.0152 | Nao! Se eeLOO 
1.0391 | 3LigS: : 55:09 
1.0227 | 3 5 0.17 
1.0888 | 3 . | 80.58 
1.0592 | 7 SOs - | 79.9 
1.1183 | }KeCOg . | 69.17 
I 
I 


1.0658 
1.0602 
1.0445 
OES: 
1.0794 
1.0776 
1.0576 
1.0517 
1.0477 
1.0161 
1.0318 
1.0300 


[e) 
fo) 
(e} 
\o 


() 
a) 


Tan Go  M Go 


ODO ADMHOD HO ADAO 


_ 
nN 


0601 2 | 53-04 
0542 | K > ol) Boaz 
= 36.51 


ee 


I. 
i 
I 
I 
I 
My 
I 
I 
I 
z 
12} 
oO 


andd060000 
— OOO 
G0 90 G0 Cont 


* “Wied. Ann.” vol. 26, pp. 161-226, 1885. 
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TaBLe 419. : 347 


SPECIFIC MOLECULAR CONDUCTIVITY »: MERCURY =10'. 


Salt dissolved. 


* Acids and alkaline salts show peculiar irregularities. 
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348 . TasLes 420, 421. 
LIMITING VALUES OF wp. TEMPERATURE COEFFICIENTS. | 


TABLE 420,— Limiting Values of p. 


This table shows limiting values of «# = & -108 for infinite dilution for neutral salts, calculated from Table 271. 
; um 


Salt. Salt. Salt. 


eBaC iia 4MgSO, . $H2SO4 
TKCIOn $NaSO, . HCl 
$BaN2Os . 2 Tne HNO3. « 


4CuSO4 : NaGie ne. +H3PO4 


AgNOs . NaNO; . KOH 
4705 Oue. |) 1080 .| KOs HO, 4NasCOz . 


If the quantities in Table 420 be represented by curves, it appears that the values of the 
specific molecular conductivities tend toward a limiting value as the solution is made 
more and more dilute. Although these values are of the same order of magnitude, they 
are not equal, but depend on the nature of both the ions forming the electrolyte. 

When the numbers in Table 421 are multiplied by Hittorf’s constant, or 0.00011, quan- 
tities ranging between 0.14 and 0.10 are obtained which represent the velocities in milli- 
metres per second of the ions when the electromotive force gradient is one volt per 
millimetre. 

Specific molecular conductivities in general become less as the concentration is in- 
creased, which may be due to mutual interference. The decrease is not the same for 
different salts, but becomes much more rapid in salts of high valence. 

Salts having acid or alkaline reactions show marked differences. They have small 
specific molecular conductivity in very dilute solutions, but as the concentration is in- 
creased the conductivity rises, reaches a maximum and again falls off. Kohlrausch does 
not believe that this can be explained by impurities. HsPQOy, in dilute solution seems to 
approach a monobasic acid, while HzSOq4 shows two maxima, and like H3PO4 approaches 
in very weak solution to a monobasic acid. 

Kohlrausch concludes that the law of independent migration of the ions in media like 
water is sustained. 


TABLE 421,— Temperature Coefficients. 


The pemperenire cose, in general diminishes with dilution, and for very dilute solutions appears to approach a 
common value. ‘The following table gives the temperature coefficient for solutions containin - 
cule of the salt. eS ee ae 


KC ieee tl co: (ie Moos KS #K2CO; 


INDBUEN 5 7% .022 KaNO gee: tNa, : 4NacCOs . 


INEGI 8 6] CE NaNOs. 


oO 
Cie AgNOs. .| 0.0221 | 4Mg ; Her 


MeaC lee 4Ba(NOs) \ZnSO3_ . i180, 


4ZnCle i as 5 KC103 . 


4H2SO, 


$MgCh KC2H,0, . ERS 
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TaBLe 422. 349 


THE EQUIVALENT CONDUCTIVITY OF SALTS, ACIDS AND BASES IN 
AQUEOUS SOLUTIONS. 


In the following table the equivalent conductance is expressed in reciprocal ohms. The con- 
centration is expressed in milli-equivalents of solute per litre of solution at the temperature to which 
the conductance refers. (In the cases of potassium hydrogen sulphate and phosphoric acid the 
concentration is expressed in milli-formula-weights of solute, KHSO4 or H3POu, per liter of solu- 
tion, and the values are correspondingly the modal, or ‘‘ formal,” conductances.) Except in the 
cases of the strong acids the conductance of the water was subtracted, and for sodium acetate, 
ammonium acetate and ammonium chloride the values have been corrected for the hydrolysis of 
the salts. The atomic weights used were those of the International Commission for 1905, referred 
to oxygen as 16.00. ‘Temperatures are on the hydrogen gas scale. 


gram equivalents. 
1000 liter 
reciprocal ohms per centimeter cube _ 
gram equivalents per cubic centimeter 


Concentration in 


Equivalent conductance in 


Equivalent conductance at the following ° C temperatures. 


Substance. : = 
18° | 25° TOOS 1299) EON zrSo ml esore 


Potassium chloride . 130.1 lee -5)) 414 |(519)| 625 | 825 
Y “| 2 | 126.3 | 146.4 393 || = 41 585.8779 

0 122.4 | I41.5 200377 || 4708) 500n) 741 

DRO aes 342 | - | 498 | 638 
ea 112.0 | 120.0 | : 415 | 490 
Sodium chloride. . 109.0}  — - | 555 | 760 
is ie 4 6 105.6 | Bev. || Yee. 
wie 102.0 | 6 sir | 685 

939 AGO || Bisie 
ote 92.0 | 
Silver nitrate . . . | 115.3 | 780 
ss oe aes mie | 727 
108.0 | ; 673 
105.1 | : 6 639 
LOTS a 599 
96.5 | 552 
BPs se 94-6 
Sodium acetate . . 78.1 | 660 
oe ea ts. 3 74:5 578 
aie 71.2 | 542 

63.4 452 
Da Ao | 1080 
94-3 | 260 
79.1 | 143 
67.5 | 110 
33) 


52.0 
49.8 
ate 43-1 | 
Ammonium chloride | sIaHIotI 

““ “ an 126.5 


‘ 122 


Set on 118.1 | 
Ammonium acetate. (99.8), 


“ “cr . QI.7 | 
: 88.2 


From the investigations of Noyes, Melcher, Cooper, Eastman and Kato; Journal of the American Chemical Society, 
é 30, P- 335, 1908. 
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3 5 O TABLE 422 (continued). 


THE EQUIVALENT CONDUCTIVITY OF SALTS, ACIDS AND BASES IN 
AQUEOUS SOLUTIONS. 


g 8 Equivalent conductance at the following ° C temperatures. 
9.5 
Substance. ae 5 . 5 - ; = e i Me we 
O# 18 25 50 75 100 128 156 21 281 3 
Barium nitrate. . .| o|1I16.9}/ — - - |385; - 600} 840] 1120} 1300 
& Si 2|109.7| - - - |352|-— | 536] 715] 828 24 
fe Sy, Bins Io | IOI.o - - - 322 - 481 618 658 61 
o Soe ie: 40| 88.7) = - - |280} —- 412) 507/ 503] 44 
“ Go | ell eral = - |258| - 372| 449} 430 
a Ue Wd aoe 100] 79.1] — - - | 249 
Potassium sulphate o| 132.8 - - — 1455 = 715 | 1065 | 1460] 1725 
cs 3 2 2A O8 ~ - |402} - 605 | 806| 893] 867 
is TO} es05- 7 - =) 305i = 537 | 672| 687] 637 
. ws 40|104.2| - - A208 a 455| 545] 519] 406 
ss 80] 97.2) —- - - |294| - 415| 482] 448] 3096 
S a te 100] 95.0) — - — | 286 
Hydrochloric acid 0} 379.0) - - - |850} — | 1085 | 1265 | 1380 | 1424 
- i 2539 3-0) - - |826) —- | 1048 | 1217 | 1332'| 1337 
se - 10} 368.1] — - — |807| — | 1016| 1168 | 1226} 1162 
« “ 80 | 353.0] - - - |762| — | 946) 1044 | 1046| 862 
Ss G1) WOO)|| BONS) || - = WGA ee 929 | 1006 
Nitric acid . . . .| ©] 377.0] 421.0] 570 | 706 | 826| 945 | 1047 ;(1230)} — | (1380) 
a jeer ete 2i)| <9 7.029413. COMME OOO) ||,S00)) GLO LOl2 eT OO staal mLEO GG 
se Se ent 05-01, 400-011 5451076 a7SOll OO al OZO 
es + + | 50} 353-7 | 393-3] 528 | 649 | 750) 845 | 917} 
ef See cde elleLOOn| 346.4 125-0) mis TOMNO32 5) 7251 Ol a OCOl mm - 454* 
Sulphuric acid. . .| ©} 383-0 | (429) | (591) | (746) | 891 (1041) 1176) 1505| — | (2030) 
e “4 + +] 21 353-9 | 390.8 | Sor | 561 | 571] 55r | 536] 563| — 637 
& “4 4 «| TO} 309-0 | 337-0] 406 | 435 | 446) 400 | 481] 533) 
ss Ss oll Sol ARs || 278O|| 2 350 | 384] 417 | 448] 502 
i “4 4 «| 100 | 233-3 oe ae 336 309 404 | 435| 483] - | 474* 
; 2 | 455.3 | 5060.0 jie) || © 73 4 
ame bo 2088 318.3 374-4 483 laa “ae 47 
eu Pate ; 100 | 263.7 | 283.1 | 320.1 | 354 | 375] 402 | 435 
Phosphoric acid . .| 0 3383 376 5Io | 631 | 730] 839 | 930 
ss s 2 | 253.1 | 311.9] 4or | 464 | 498 508 | 489) 
& 6 LQ) |'203-0)|,222:0)| 9273) 300) 1 308) zosmin274)| 
ie % 50.| 122.7 | 132.6 | 157.8 | 168.6 | 168| 158 | 142 | 
‘f sf 100} 96.5 | 104.0 | 122.7 | 129.9| 128] 120 | 108 
Acetic acid . 0 |(347.0))  — - | = \(773)) - | (980) \(t165)| - | (1268) 
eas. IO | 14.50 = ~ =o 250 ee 22.2 (NU AGy 
us ss 30} 8.50) — ~ Swale nl TS OMG-O5 
6 ss so 222 elec - = 9:05) ==" S0f00)) 15.34. | 
s De a hLOO)|arAO7 len = ae} wikis wullRere enlaces noe 4.82 | - 1.57) 
Sodium hydroxide .! of] 216.5 - = = 5o4| - 835 | 1060 | 
& SF By | a wee lee eae cll Pe - —- |582) - | 814} 
s* 3 Saat 20 205.8 = - - Se) |), 8S 771 | 930 | 
es 2 ees 50 | 200.6 - = ant) 540 a 738 | 873 | 
Barium hydroxide . 0 | 222 | 256 389 | (520) | 645 | (760)} 847 | 
ss Bae acl Sr 2| 215 = || 238) 4 | Sor | 
ss ~ + + +| IO) 207 | 235 | 342 | 449 | 548) 664 | 722 
$ “s+ «| 50] TQK.1 | 215.1) 308 | 399°] 478] 549 | 503 | 
3) SS est LOO |e TSO. tN 204-212 OT mllaazs 443 | 503 531 | 
© | (238) | (271) | (404) | (526) (647) (764) (908) (1141), - | (1406) 
Ammonium hydrox- 10} 9.66) — - - |23.2| - | 22.3] 15.6] 
1G Atego see 30 | 5.66 - - = 13:6) = | 13.C 
100} 3.10) 3.62) 5.35 | 6.70 eae | 7-17 | 4.82| — 1.33 


* ‘These values are at the concentration 80.0, 
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TABLE 423. it 


THE EQUIVALENT CONDUCTIVITY OF SOME ADDITIONAL SALTS IN 
AQUEOUS SOLUTION. 


Conditions similar to those of the preceding table except that the atomic weights for 1908 were used. 


Equivalent conductance at the following ° C temperature. 


Concen- 
tration. 250 1280 156° 


Substance. 


580 
Dow 
520.4 
476.1 
447-3 
653 
587 
524-3 
449.5 
409.7 
372.1 


Potassium nitrate. . . : ued sal 
S Seta mets : GP 4Or7 
134-9 
126.3 
moe ts 120.3 
Potassium oxalate. . . : 147.5 
ya Bs ; .Q | 139.2 
Sue 129.2 
116.5 
109.5 
; ee a 102.3 
Calcium nitrate . . . ; .7 | 130.6 575 
os C sata 6 ls a 23-7, 529.8 
a HB 164.5 \ | °5 | 473-7 
102.6 ° 2 ; 405.1 
95.8 b : ; I | 369.1 
a) 8 Fo 83.8 : 4. : 8 334-7 
Potassium ferrocyanide . : 6 | 185.5 
“ ° “a 171.1 
158.9 
rue 
108.6 


NBUNI OO 
HhRRO 


AVOVERS SEG SSS 


NNNNNHNNHWWNHNNNDND 


HoOrnpPN 


“ 


Barium ferrocyanide . 
“ec 


“ “ec 


Calcium. ferrocyanide 
“ce “ 


Potassium citrate . 
“oe “ 


NNO 09 
OES ee reno’ 


Lanthanum nitrate 
“ “ 


From the investigations of Noyes and Johnston, Journal of the American Chemical Society, 31, p. 287, 1909. 
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352 TABLES 424, 425. 
CONDUCTANCE OF IONS.—HYDROLYS!IS OF AMMONIUM ACETATE. 


TABLE 424, —The Equivalent Conductance of the Separate Ions. 


tre(CN)¢ . 


Ele 
lsh < 


From Johnson, Journ. Amer. Chem. Soc., 31, p- 1010, 1909. 


TABLE 425, —Hydrolysis of Ammonium Acetate and Ionization of Water. 


Percentage Ionization constant 
TRS: hydrolysis. of water. 


Hydrogen-ion concen- 
tration in pure water. 
Equivalents per liter. 


Ky X10!4 


Cy X 107 


0.089 
0.46 


0.30 
0.68 


0.91 


6.9 


14.9 


Noyes, Kato, Kanolt, Sosman, No, 63 Publ. Carnegie Inst., Washington. 
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TABLES 426, 427. 353 
DIELECTRIC STRENGTH. 
TABLE 426, —Steady Potential Difference in Volts required to produce a Spark in Air with Ball Electrodes, 


paces R=0. R=o, 
Points. " ; Plates. 


length. 
cm. 


Based on the results of Baille, Bichat-Blondot, Freyburg, Liebig, Macfarlane, Orgler, Paschen, Quincke, de la Rue, 
Wolff. For spark lengths from 1 to 200 wave-lengths of sodium light, see Earhart, Phys. Rev. 15, p. 163; Hobbs, 
Phil. Mag. 10, p. 607, 1905. 


TABLE 427, — Alternating Current Potentials required to produce a Spark in Air with various Ball Elec- 
trodes. 


The potentials given are the maxima of the alternating waves used. Frequency, 33 cycles per 
second. 


18700 
21350 
23820 
20190 
28380 


32400 
35850 
387 50 


Based upon the results of Kawalski, Phil. Mag. 18, p. 699, 1909. 
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354 TABLES 428, 429. 
DIELECTRIC STRENGTH. 
TABLE 428, — Potential Necessary to produce a Spark in Air between more widely Separated Electrodes. 


Steady potentials. Steady potentials. 


Alter- 
Alter- 


nating current. 


Ball electrodes. Cup electrodes. Ball electrodes. 


Projection. 


Spark length, cm. 
nating current. 


R=2.5 cm. 


R=2.5 cm. 


Spark length, cm. 


Dull points. 
Dull points. 


4-5 mm, 1.5mm. 


- - 11280 E 61000 86830 
17610 17620 17420 ; - - 


23050 22950 . 67000 90200 
30240 | 31390 31260 F 73000 91930 
33800 | 303810 : 30700 5 82600 93300 
37930 | 44310 44510 92000 94400 
42320 56000 56530 || é - 94700 
45000 | 65180 68720 f IOI000 101000 
46710 71200 81140 : IIQO00 

- 75300 92400 : 140600 
49100 78000 103800 : 165700 

- 81540 114600 : 190900 
50310 | 83800 126500 

re a 135700 


WARAQHY YP aH OOO 
MmMOmndONnNdMOMWwW ONMW 


This table for longer spark lengths contains the results of Voege, Ann. der Phys. 14, 1904, using alternating current 
and ‘‘dull point”? electrodes, and the results with steady potential found in the recent very careful work of C. Mik 


ler, Ann. d. Phys. 28, p. 585, 1909. 


Spa The specially constructed elec- 

aaa trodes for the columns headed 

Z “cup electrodes’ had the form of 

\ a projecting knob 3 cm. in diame- 
. — 


: : ter and having a height of 4.5 mm. 
:<— 22cm —>: and 1.5 mm. respectively, attached 
: wh Bs! ‘to the plane face of the electrodes. 
3 @ cm.> : These electrodes give a very satis- 
| factory linear relation between the 
spark lengths and the voltage 
throughout the range studied. 


TABLE 429, — Effect of the Pressure of the Gas on the Dielectric Strength. 


Voltages are given for different spark lengths Z. 


Pressure. 


This table is based upon the results of Orgler, 1899. See this paper for work on other gases (or Landolt-Bérnstein- 
Meyerhoffer). 

For long spark lengths in various gases see Voege, Electrotechn. Z. 28, 1907. For dielectric strength of air and CO 
in cylindrical air condensers, see Wien, Ann. d. Phys. 29, p. 679, 1909. 2 
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TABLES 456-458. 71 
PERMEABILITY OF SOME OF THE SPECIMENS IN TABLE 445. 


* " TABLE 456, 


This table gives the induction and the permeability for different values of the magnetizing force of some of the speci 
mens in Table 445- The specimen numbers refer to the same table. The numbers in this table have been taken 
from the curves given by Dr. Hopkinson, and may therefore be slightly in error; they are the mean values for 

_ rising and falling magnetizations. 


¢ eeu 


. . : Specimen 8 Specimen 9 (same as Specimen 3 
jagioen Specimen (iron). (annealed steel). 8 tempered). (cast iron). 
ing force. ee 

H 


va B B B 


265 
700 
1625 
3000 
5000 
6000 
6500 
7100 
1302 
LYE 
8500 
9500 
IO19O 


Tables.457-8, 463-5 give the results of some experiments by Du Bois,* on the magnetic properties of iron, nickel, and 
cobalt under strong magnetizing forces. The experiments were made on ovoids of the metals 18 centimeters long 
and 0.6 centimeters diameter. The specimens were as follows: (1) Soft Swedish iron carefully annealed and 
having a density 7 82. (2) Hard English cast steel yellow tempered at 230° C.; density 7.78. (3) Hard drawn 
best nickel containing 99 % Ni with some SiO, and traces of Fe and Cu; density 8.82. (4) Cast cobalt giving 
the following composition on analysis: Co = 93.1, Ni=5.8, Fe=0.8, Cu=o.2, Si=o.1,andC=0.3. The speci- 
men was very brittle and broke jn the lathe, and hence contained a surfaced joint held together by clamps during 
the experiment. Referring to the columns, 7, B, and u have the same meaning as in the other tables, S is the 
magnetic moment per gram, and / the magnetic moment per cubic centimeter. A and S are taken from the 
curves published by Du Bois; the others have been calculated using the densities given. 


MAGNETIC PROPERTIES OF SOFT IRON AT O° AND 100° C. 
TABLE 457. 


Soft iron at 0° C. Soft iron at roo® C. 


Hf 


.~ 
“3 


1408 
1521 
1627 
1685 
1705 
1709 


mH NWMNON 
evapo 
Of NANO 
mbH NUON 
DOING Gh Onesl 
DOwonaon 


MAGNETIC PROPERTIES OF STEEL AT O° AND 100° C., 
TABLE 458. 


Steel at 0° C. 


Li 


1283 
1408 
1500 © 
1552 
1583 
TS o5 
1650 


* ‘© Phil, Mag.’’ 5 series, vol. xxix. 

+ The results in this and the other tables for forces above 1200 were not obtained from the ovoids above referred 
to, but from a small piece of the metal provided with a polished mirror surface and placed, with its polished face nor- 
mal to the lines of force, between the poles of a powerful electromagnet. The induction was then inferred from 
the rotation of the plane of a polarized ray of red light reflected normally from the surface. (See Kerr’s ‘‘ Constants,’? 


Pp. 331+) 
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372 TABLES 459-462. 
MAGNETISM AND TEMPERATURE. 
TABLE 459.— Magnetism and Temperature, Critical Temperature. 


3 reba Sean : i : idely. 
The magnetic moment of a magnet diminishes with increasing temperature. Different specimens vary wi 
In the formula Mt/Mo = (x — a) the value of a may range from .0003 to .oot (see Tables Oe ai ree pete: 
ermeability with weak fields may at first be an increase. There is a critical temperature (Curie point) above whic 
tie permeability is very small (paramagnetic?). Diamagnetic susceptibility does not change with ist Reagent rss 
Paramagnetic susceptibility decreases with increase in temperature. This and the succeeding two tables are en 


from Dushman, “ Theories of Magnetism,” General Electric Review, 1916. 


Critical R Critical Retez 

efer- efer. 

Substance. temperature, Pere Substance. temperature, | @io¢. 
Curie point. Curie point. 


Tron, a form 756° C MnBi.. S55 .cc epee cee ees 360 to 380° C 4 
tS 8) form MnSbincss2 oc eorencmeaserre 310 i 320 4 
¢ form 1280 MAS 8 ceva muna eine Eee 45 50 4 

Al Gr ZAR Reon ack .a oo sige}, So AS 4 

tN Ape ei Heusléer alloy... -aadastee ei 310 5 

Ck Ae, ee 555 Nickel 730 Ghose. ca chet 340 I 
Cobalt-ferrite (FexCo) .... 520 Se le Eis torsial Rolote dice atereve ante 376 6 
i ‘Cobalt See oa ek en etetersis L075 6 


References: (1) P. Curie; (2) see Williams, Electron Theory of Magnetism, quoted from Weiss; (3) du Bois, 
Tr. Far. Soc. 8, 211, 1912; (4) Hilpert, Tr. Far. Soc. 8, 207, 1912; (5) Gumaer; (6) Stifler, Phys. Rev. 33, 268, 1911. 


TABLE 460.— Temperature Variation for Paramagnetic Substances. 


The relation deduced by Curie that x = C/T, where C is a constant and T the absolute temperature, holds for some 
paramagnetic substances over the ranges given in the following table. Many paramagnetic substances do not obey the 
law (Honda and Owen, Ann. d. Phys. 32, 1027, 1910; 37, 657, 1912). See the following table. 


Refer- 


6 ° 
Substance. C X to Range ° C ences 


Substance. C X 108} Range°C 


20° to 450° C Gadolinium sulphate. 
—- — — Ferrous sulphate... . 
20 to 1370 Ferric sulphate. .:.. 
Magnetite Manganese chloride. 
Cast iron 


; References: (1) P. Curie, London Electrician, 66, 500, 1912; see also Du Bois, Rap. du Cong. 2, 460, 1900; (2) Per- 
rier, Onnes, Tables annuelles, 3, 288, 1914; (3) Oosterhuis, Onnes, /.c. 2, 389, 1913. 


TABLE 461.— Temperature Effect on Susceptibility of Diamagnetic Elements. 
No effect: 


B Cryst. 400 to 1200° P white Se — Sb —170 to 50° 

C Diamond, +170 to 200° S Cryst.; ppt. Br —170 to 18° Cs and Au 

C “Sugar” carbon Zn —170 to 300° Zr Cryst. —170 to 500° Hg —39 to +350° 

Si Cryst. As — Cd —170 to 300° Pb 327 to 600° 
Increase with rise in Temperature: 

Be — C Diamond, 200 to 1200° I —17o0 to 114° 

B Cryst. +170 to 400° Ag —_— Hg = 176 to pi 
Decrease with rise in Temperature: 

C Amorphous | Gd —179 to 30° In —170 to 150° Tl — 

C Ceylon graphite Ge —170 to 900° Sb +50 to +631° Pb —170 to 327° 

Cu — Zr 500 to 1200° Te —_— Bi —170 to 268° 

Zn +300 to 700° Cd 300 to 700° , I +114 to +200° 


TABLE 462.— Temperature Effects on Susceptibility of Paramagnetic Elements. 
No effect: 


Li — P K —170 to 150° Cr —170 to 500° W a 

Na —170 to 97° Ca —r7o to 18° Mn —170 to 250° Os —_— 

Al 657 to 1100 V —170 to 500° Rb _ k 
Increase with rise in Temperature: 

Ti —40 to 1100° Cr 500 to r100° Ru +550 to r200° Ba —17 is 

V_ 500 to 1T00° Mo —170 to 1200° Rh a Ir aa The es 
Decrease with rise in Temperature: 

(O) — ps Ti —180 to —40° Ni 350 to 800° Pd and Ta 

tee —170 to 657 Mn 250 to rors° Co above 1150° Pt and U 

g = (Fe) — Cb —170 to 400° Rare earth metals 


Tables 461 and 462 are due to Honda and Owen; for reference, see preceding table. 
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TABLES 463-469. Be 
MACNETIC PROPERTIES OF METALS. 
TABLE 463. — Cobalt at 100° GC. TABLE 464, —Nickel at 100° G. 


— 


vee 3 I § I B 


200 848 4. ae) || so be) 
300 928 : 43.0 one 7366 
500 IOI 6 2 . 40.0 | 406 5399 
700 1048 2 50.0 | 441 6043 
1000 { | 1076 ; 51.5 | 454 6409 
1500 | 138 1104 - F 53:0 | 468 6875 
2500 | 143 | 1144 §0.0 ; 494 | 7707 
4000 145 1164 58.4. 515 8973 
Socom e147) | 1176 59.0 | 520 | 10540 
gooo | 149 | 1192 4 Hone || Rey || sient 
At o° C. this specimen gave the fol- 59-4 | 524 | 15585 
: lowing results : 59.6 | 526 | 18606 jis 
7900 | 154 | 1232 | 23380 3:0 >. this specimen gave the fol- 
= lowing results : 


67.5 | 595 | 19782 1.6 


s 
roe vO 


TABLE 465, — Magnetite. 


The following results are given by Du Bois * for a specimen of magnetite. ~ 


Professor Ewing has investigated the effects of very intense fields on the induction in iron and other metals. The 
results show that the intensity of magnetization does not increase much in iron after the field has reached an in- 
tensity of 1000 c. g. s. units, the increase of induction above this being almost the same as if the iron were not 
there, that is to say, @B/d/ is practically unity. For hard steels, and particularly manganese steels, much higher 
forces are required to produce saturation. Hadfield’s manganese steel seems to have nearly constant susceptibility 
up to a magnetizing force of 10,000. The following tables, taken from Ewing’s papers, illustrate the effects of 
strong fields on iron and steel. The results for nickel and cobalt do not differ greatly from those given above. 


TABLE 466, —Lowmoor TABLE 467, — Vicker’s TABLE 468. — Hadfield’s 
Wrought Iron. Tool Steel. Manganese Steel. 
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Bessemer steel containing about 0.4 per cent carbon . 

Siemens-Marten steel containing about 0.5 per cent carbon 

Crucible steel for making chisels, containing about 0.6 per | 
Canin Cid 6 c a an 


NN 


mH bd 
Om 


Finer quality of 3 containing about 0.8 per cent carbon . 
Crucible steel containing I per cent carbon : 
Whitworth’s fluid-compressed steel . 


NN 
O10 O'”) 
Mur 


Nb 


* ¢¢ Phil. Mag.’’ 5 series, vol. xxix, 1$go. + ‘Phil. Trans. Roy. Soc.’’ 1885 and 1889. 
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374. TaBLes 470-471. 
DEMAGNETIZING FACTORS FOR RODS. 


, TABLE 470, 


7/=true intensity 0. magnetizing field, 7’ = intensity of applied field, 7=in- 
tensity of magnetization, 7 = H’—JV/. Rea 

Shuddemagen says: The demagnetizing factor is not a constant, falling for 
highest values of /to about 1/7 the value when unsaturated; for values of B 
(=H+47/) less than 10000, V is approximately constant; using a solenoid 
wound on an insulating tube, or a tube of split brass, the reversal method gives 
values for V which are considerably lower than those given by the step-by-step 
method; if the solenoid is wound on a thick brass tube, the two methods prac- 
tically agree. ; 


Values of WV X rot. 


Cylinder, 


Rano Ballistic Step Method. 


Co} 
Denesh Ellipsoid Uniform -| Magneto- Daves: Shuddemagen for Range of 

nea fer : Magnet metric Practical Constancy. 
8 Method se 


zation, : 5 
(Mann). Diameter, 


| 
0.3175 CM, | 1.111 cM, 1.905 cm, 


1960 


C. R. Mann, Physical Review, 3, p. 359; 1896. 
H. DuBois, Wied. Ann. 7, p. 9423 1902. 
C, L. B. Shuddemagen, Proc. Am. Aoad. Arts and Sci. 43, p. 185, 1907 (Bibliography), 


TABLE 471, 


Shuddemagen also gives the following, where Z is determined by the step method 
and H=/7/’— AB. 


Vv "a 4 
Ranetor alues of KX rof, 


Length So ——$$—= 
to 


Diameter, Diameter Diameter 


0.3175 cm. 1,1 to 2.0cm, 


CO Ot. 
wn 


CON WWI DO 
ON 
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DISSIPATION OF ENERGY IN THE CYCLIC MAGNETIZATION OF VARIOUS 
SUBSTANCES. ‘ 


C. P. Steinmetz concludes from his experiments * that the dissipation of energy due to 
hysteresis in magnetic metals can be expressed by the formula e—= «4, where ¢ is the energy 
dissipated and a a constant. He also concludes that the dissipation is the same for the same 
range of induction, no matter what the absolute value of the terminal inductions may be. His 
experiments show this to be nearly true when the induction does not exceed + 15000 c. g. s. 
units per sq. cm. It is possible that, if metallic induction only be taken, this may be true up to 
saturation ; but it is not likely to be found to hold for total inductions much above the satura- 
tion value of the metal. The law of variation of dissipation with induction range in the cycle, 
stated in the above formula, is also subject to verification.t 


Values of Constant a. 


The following table gives the values of the constant @ as found by Steinmetz for a number of different specimens. 
The data are taken from his second paper. 


Number of 


apecimen. Kind of material. Description of specimen, 


Iron . : Norway iron . : : 

Sook: ; Wrought bar ; 

Commercial ferrotype plate 

Annealed is 
Thin tin plate . 3 
Medium thickness tin plat 
Soft galvanized wire : 
Annealed cast steel . 
Soft annealed cast steel c 
Very soft annealed cast steel . ci 
Same as 8 tempered in cold water 
Tool steel glass hard tempered in water 

‘* stempered in‘oill : : 5 
annealed . . : : ; : 5 
( Same as 12,13, and 14, after having been subjected 


— 
bw OW ON QnFf Wb 


4 
>) 


“ “ce 


to an alternating m. m. f. of from 4000 to 6000 

; 5 l ampere turns for demagnetization ; 

Cast iron . Gray cast iron . é ‘ : é : é c 
Sas « «containing 4 % aluminium é ; 
“ “ . ce oc “ 6“ 4 % “ , : 

( A square rod 6 sq. cms. section and 6.5 cms. long, 

Magnetite . from the Tilly Foster mines, Brewsters, Putnam 

l County, New York, stated to be a very pure sample 
Nickel 


“cc 


Soft wire . 


Ewing’s experiments 8 : : 
Mi Hardened, also from Ewing’s experiments. ; 
Cobalt { Rod containing about 2 % of iron, also calculated 
) from Ewing’s experiments by Steinmetz : é 
Consisted of thin needle-like chips obtained by 
milling grooves about 8 mm. wide across a pile of 
thin sheets clamped together. About 30 % by vol- 
ume of the specimen was iron. 
Ist experiment, continuous cyclic variation of m.m. } 
f. 180 cycles per second : 4 
2d experiment, 114 cycles per second 
( 3d us 79-91 cycles per second . 


Annealed wire, calculated by sect ren 


Tron filings 


* ‘Trans. Am. Inst. Elect. Eng.’? January and September, 1892. 
+ See T. Gray, “‘ Proc. Roy. Soc.”’ vol. lvi. 
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376 ) TaBLe 473. 
ENERGY LOSSES IN TRANSFORMER STEELS. 
Determined by the wattmeter method. ; 


Loss per cycle per cc= 44*+6nB", where B= flux density in gausses and 2 = frequency in 
cycles per second. x shows the variation of hysteresis with B between 5000 and 10000 gausses, 


and y the same for eddy currents. 


Watts per Pound at 60 Cy- 


Ergs per Gramme per Cycle. 
cles and 10000 Gausses. 


Thick- | 10000 Gausses. | 5000 Gausses. 
Designation. ness. | 
cm. 


t 


Hyste- 


Hyste- 5 
i resis. 


resis. 


rents at 
60 ~ 

Eddy Current 
Loss for Gage 


rents at 
No. 29. 


Eddy Cur- 
60~ 


Unannealed 
0.0399 562 

.0326 384 

0422 350 

0381 353 


(9) fore! 
Ap 
aoe 


Annealed 

E .0476 
; .0280 
0394 

.0307 

.0318 

.0282 

03.46 

0338 

0335 

.0340 

0437 


.0361 
0315 
.0452 
0338. 
.0346 
.0310 
.0305 
0430 


cy een . * ; Sent + English. 
n order to make a fair comparison, the eddy current Joss has been computed f thick fo. 5 
No. 29), assuming the loss proportional to the thickness. : ora thicknees eh 035) Os 


Lloyd and Fisher, Bull. Bur. Standards, s, P+ 4533 1909. 


Note. —For formule and tables for the calculation of mutual and self inductance see B 
of Standards, vol. 8, p. 1-237, 1912. : a 
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TABLE 474, 377. 


MACNETIC SUSCEPTIBILITY. 


’ If J is the intensity of magnetization produced in a substance by a field strength ¥, then the 
magnetic susceptibility H = 9] /%. This is generally referred to the unit mass; italicized figures 
refer to the unit volume. The susceptibility depends greatly upon the purity of the substance, es- 
pecially its freedom from iron. The mass susceptibility of a solution containing p per cent by weight 
of a water-free substance is, if Ho is the susceptibility of water, (p/100) H + (1 —p/100) Ho. 


Substance. 


} | Remarks 


Substance. 


)} | Remarks 


JN 
ASC 
Air, 1 Atm. 
Al 


A,1 Atm . 
As 

Au 

Diaame 
BaCle 


| Be 


Bi 

Br bs ate 
C, arc-carbon 
C, diamond 
CH, © Atm. . 
COs, 1 Atm... 
So « : 
Gar 

CaCle 


Cag 
CeBrg ‘ 
Cle, 1 Atm. 
CoCly . 
CoBry . 
Col, See 
CoSO4 en 
Co(NOs)3 q 
Gr ‘ 


CaCQOs, marble 5 


AlgKo(SO4)424H20 


KeCO3. 
Bilge 

Mb 

Mic a 
MgsO4. 

Mn 

MnCly . 
MnSQg,. 

No, 1 Atm. 
NH 

INR c 
NaClar 
NaCOse 
NaCQs. fe) H20 
IN Digicaet tae 
NiCle 
NiSOg. 


| Og, 1 Atm. 


Os 
P, white 


SiOg, Quartz. 
—Glass. 
Stee 
SrClg 
aaa 
Te 

Th 

Wt 
Viale. 
Wo. 
Zn 


ZnSOy 


Li ae 
(CASONGL 
CeH;0H . 
Cah OL a. 
CeHs0CoH;s . 
CHE," 
CeHe 
Ebonite 
Glycerine . 


| Sugar 
Paraffin 


Petroleum. 
Toluene 
Wood . 


Sol’n 


Sol’n 
“ 


Powd. 
“ec 


Sol’n 
“ 


Xylene . 


Values are mostly means taken of values given in Landolt-Bornstein’s Physikalisch-chemische Tabellen. See espe- 


cially Honda, Annalen der Physik (4), 32, 1910. 
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378 


MAGNETO-OPTIC ROTATION. 


Faraday discovered that, when a piece of heavy glass is placed in magnetic field and a beam 
of plane polarized light passed through it in a direction parallel to the lines of magnetic force, 
the plane of polarization of the beain is rotated. This was subsequently found to be the case 
with a large number of substances, but the amount of the rotation was found to depend on the 
kind of matter and its physical condition, and on the strength of the magnetic field and the 
wave-length of the polarized light. Verdet’s experiments agree fairly well with the formula — 


dr\ r 
g=dH (r—ae)S, 


where ¢ is a constant depending on the substance used, / the length of the path through the 
substance, H the intensity of the component of the magnetic field in the direction of the path’ 
of the beam, 7 the index of refraction, and A the wave-length of the light in air. If 4 be dif- 
ferent, at different parts of the path, His to be taken as the integral of the variation of mag- 
netic potential between the two ends of the medium. Calling this difference of potential v, we 
may write @—= Av, where 4 is constant for the same substance, kept under the same physical 
conditions, when the one kind of light is used. The constant 4 has been called “ Verdet’s Con- 
stant,” * and a number of values of it are given in Tables 476-480. For variation with tempera- 
ture the following formula is given by Bichat : — 


R= Ro (1 — 0.00104 ¢ — 0.000014 ¢?), 


which has been used to reduce some of the resuits given in the table to the temperature corre- 
sponding to a given measured density. For change of wave-length the following approximate 
formula, given by Verdet and Becquerel, may be used : — 

8 By eee I )a,? 


1 
6, Aye 1)A,? ? 


where p is index of refraction and A wave-length of light. 

A large number of measurements of what has been called molecular rotation have been made, 

' particularly for organic substances. These numbers are not given in the table, but numbers 

proportional to molecular rotation may be derived from Verdet’s constant by multiplying in the 
ratio of the molecular weight to the density. The densities and chemical formule are given in 
the table. In the case of solutions, it has been usual to assume that the total rotation is simply 
the algebraic sum of the rotations which would be given by the solvent and dissolved substance 
or substances, separately; and hence that determinations of the rotary power of the solvent 
medium and of the solution enable:the rotary power of the. dissolved substance to be calculated. 
Experiments by Quincke and others do not support this view, as very different results are 
obtained from different degrees of saturation and from different solvent media. No results thus 
calculated have been given in the table, but the qualitative result, as to the sign of the rotation 
produced by a salt, may be inferred from the table. For example, if a solution of a salt in water 
gives Verdet’s constant less than 0.0130 at 20° C., Verdet’s constant for the salt is negative 

The table has been for the most part compiled from the experiments of Verdet,t i. Becque- 
rel,t Quincke, § Koepsel,|| Arons,] Kundt,** Jahn,tt Schénrock,¢} Gordon, §§ Ra leigh and 
Sidgewick,|||| Perkin,J] Bichat.*** sae AS 

As a basis for calculation, Verdet’s constant for carbon di i i i 
been taken as 0.0420 and for water as 0.0130 at 20° C. Te ee 


: he oe ee a4 La venfied through a wide range of variation of magnetic field by 
i dh (Ga : es 35) Der 1888, ‘ 
t a Ann, de Chim. et de Phys.” [3] vol. ae 129, 1858. 
H a ae pe Chae Ly aah cor 12; “C. R.” vols. 90, p..1407, 1880, and 100, p. 1374, 1885, 
|| ‘* Wied. Ann.” vol. 26, Dp. As6; 1885. 
@ ‘* Wied. Ann.’’ vol. 24, p. 161, 1885. 
** “Wied. Ann.’ vols. 23, p. 228, 1884, and 27, p. rgr, 1886 
tt ‘Wied. Ann.” vol. 43, p. 280, 1891. ‘ ; ; 
tt “‘Zeits. fiir Phys. Chem.” vol. rr, p. 753, 1893. 
“ec ” ‘ 
§§ ‘Proc. Roy. Soc.’’ 36, p. 4, 1883. 
iit {aP inl iransi IR S.728r76) pisdsarssss 
a9 ‘‘ Jour. Chem. Soc.”? 
*¥* “ Jour. de Phys.” vols. 8, p. 204, 1879, and 9, p. 204 and p. 275, 1880. 
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TABLE 476. 379 
MAGNETO-OPTIC ROTATION. 
Solids, ; 


Sub: Verdet’s 
ubstance. Formula. Constant. nes Authority. 
: Minutes. 


Pee 


Amber weeks 0.00 Quincke. 
BIGRCCur ae hae =: 0.2 oa ‘Becquerel. 
veal 3 A&G 0.0127 nf 
Lead borate ... . E 0.0600 6 
SELENIUM a) vu ay. 5 0.4625 
Sodium borate .. . 0.0170 
7aghsibey soe Ree eA. 0.5908 


Fluorite . . . . . ‘I; 0.05989 Meyer, Ann. der 
.02 526 Physik, 30, 1909. 
01717 
.01329 
.00897 
00300 
00049 

' ; -00030 
Glass, Jena: Medium phosphate crn. 0.0161 DuBois, Wied. Ann. 
Heavy crown, O1143 . 0.0220 51, 1894. 
Light flint, O4sr . 0.0317 
Heavy flint O500 . 0.0608 
) iy < SOG ems 0.0888 
Zeiss, Ultraviolet . Re 0.0674 Landau, Phys. ZS. 

ny 5 ug ae 0369 9, 1908. 

C a. Water Se 0311 

Quartz, along axis, i.e., SiO, 0.1587 Borel, Arch. sc. phys. 
plate cut 1 to axis 1079 16, 1903. 
.04617 
02574 
01664 
.01 368 
INGRAM Ay Fog Agee 0.2708 Meyer, as above. 
1501 
0775 
0483 
.0245 
:01050 
.00262 
.00069 
Sugar, cane: along Cy2He2O1n .O122 Voigt, Phys. ZS. 9, 
axis IIA .0076 1908. 

.0066 
axis EDA! . 1. 0.0129 
.0084 
.007 5 
SHANG, oo p 6 6 6 0.0534 Meyer, as above. 

0316 
02012 
.OIOSI 
.00608 
.00207 
.00054 
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TABLE 477. 
MAGNETO-OPTIC ROTATION. 
Liquids : Verdet’s Constant for A — 0.589.. 


380 


Density in Verdet’s 
grams per constant 
(BiH in minutes. 


Temp. C. Authority. 


Substance. Chemical formula. 


Acetone 
Acids: Acetic 
ee Bubyric 
Formic 
Hydrochloric 
Hydrobromic 
Hydroiodic 
Nitric 
Sulphuric 
Alcohols : Amyl 
es Butyl 
Ethyl 
Methyl 
_Propyl 


Benzol 
Bromides : Bromoform 
wy Ethyl 
Ethylene 
s Methyl 
Methylene 
Carbon bisulphide 


Chlorides: Amyl 
0 Arsenic 
Carbon 
Chloroform 
Ethyl 
Ethylene 
Methyl 
Methylene 
Sulphur bi- 
Tin tetra 
Zinc bi- 
Todides : Ethyl 
$f Methyl 
ue Propyl 
Nitrates ; Ethyl 
‘ Methyl 
: Propyl 
Paraffins: Heptane 
§ Hexane 
o Pentane 
Phosphorus, melted 
Sulphur, melted 
Toluene 
Water, A=0.2496 mu 
0.275 
0.3609 
0.4046 
0.500 
0.589 
0.700 
1.000 
1.300 


C3HgO 
Co H4O2 
C4Hg02 
CH202 
HCl 1.2072 
HBr 1.7859 
HI 1.9473 
HNO3 1.5190 
H2SO4 — 
C5;HyOH 0.8107 
C4H 90H 0.8021 
CoH;s0H 0.7900 
CH3;0H 0.7920 
C3H7;0H 0.8042 
CeHe 0.8786 
CHBrg 2.9021 
CoHsBr 1.4486 
C2H4Bre 2.1871 
CHg3Br 1.733 
2.4971 


0-7947 
1.0561 
0.9663 
1.2273 


CHe2Brg 
CS2 
CHCl 0.8740 
AsClg a 
CG 
CHCl 
C2H;5Cl 
CyH4Cle 
CHs3Cl 
CH2Cle 
SeCle 

SnCl4 
ZnCle 
CoHsI 

CHs3I 
C3HyI 
C2Hs50.NO, 
CH30.N Og 
CsH7O.NO, 
C7Hi¢ 
CeHy4 
C5Hip 

12 


1.4823 
0.9169 
1.2589 


S 
CrHe 
H,O 


0.0113 
.O105 
.O116 
0105 
.022 
+0343 
0515 
.0070 
0121 
.0128 
.O124 
.O1I2 
0093 
.0120 
.0297 
.0317 
0183 
0268 
0205 
.0276 
50595 
.0420 
.O140 
0422 
0321 
.0164 

0.0138 
-01606 
.O170 
0162 
-0393 
O15 
0437 
0296 
5033 
0271 
.OOOT 
0078 
.O100 
.O125 
0125 
Ro} @ ts) 
1316 
.0803 
.0269 
1042 
.0776 
.0384 
.0293 
0184 
.0131 
.OOOT 
.00410 
.00264 
0263 


Jahn. 
Perkin. 


Becquerel. 
Jahn. 


Gordon. 
Rayleigh. 
Jahn. 
Becquerel. 
Jahn. 
Perkin. 


Becquerel. 
Perkin. 
Becquerel. 


“ 


Perkin. 
“oe 


Becquerel. 
“ee 


Schonrock. 
See Meyer, 
Ann, der 
Physik, 30, 
1909. Meas- | 

ures by 
Landau, 
Siertsema, 
‘Ingersoll. 


Schoénrock. 
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TABLE 478. 38 I 


MACNETO-OPTIC ROTATION. 
Solutions of acids and salts in water. Verdet’s constant for \—0.589u. 


" Sim ’ . i H 
Chemical haan : ergot . Chemical ee . ee 
formula. perc.¢. | inminutes,| © formula. perc. c. | in minutes. 


C3H.O 0.9715 0.0129 i 1.0619 | 0.0145 
HBr 1.3775 0.0244. 1.0316 | 0.0143 
iy 1.1163 0.0168 C 1.1966 | 0.0167 
HCl 1.1573 0.0204 1.0876 0.01 50 
§ 1.0762 0.0168 : = 1.0381 0.0137 
1.0158 0.0140 1.0349 | 0.0137 

1.9057 0.0499 iC 1.4685 0.0270 

1.4495 0.0323 1.2432 | 0.0196 

1.1760 0.0205 1233 | 0.0162 

1.3500 0.0105 .6000 | 0.0163 

0.8918 0.0153 0732 | 0.0148 

1.2805 0.0226 2051 | 0.0180 

1.1570 0.0186 0546 | 0.0144 

1.5399 SHOTS 0418 | 0.0144 

1.2855 0.0176 -192I | 0.0162 

1.3291 0.0192 .0877 | 0.0146 

-1608 0.0162 3280 | 0.0266 
2491 0.0189 se 0.0175 
.1337 0.0164 2851 | 0.0196 
-1424 0.0163 -1595 | 0.0161' 
.0876 0.0151 3598 | 0.0098 
1351 0.0165 .0786 | 0.0126 
0824 0.0152 .0638 | 0.0136 
.2901 0.0186 .0605 | 0.0135 
1416 0.0159 -5948 | 0.0396 
1906 0.0140 -5109 | 0.0358 
-1006 0.0140 2341 0.0235 
.0564 |- 0.0137 -5156 | 0.0291 
.0718 0.0178 S520 i O.0byi7 
2897 0.0168 .6743 | 0.0338 
-1338 0.0149 -3398 | 0.0237 
3179 0.0185 -1705 | 0.0182 
2755 0.0179 1939 | 0.0200 
.1732 0.0160 IIQI 0.0175 
1531 0.0157 .2803 | 0.0121 
1504 0.0165 .0634 | 0.0130 
.0832 0.01 52 singe) |) Cefoyneyn 
5158 0.0221 U,O3Neo05 .0267 0.0053 
SS She 0.0156 ” .1963 | 0.0115 
4331 0.0025 (NH4)eSO4 .2286 | 0.0140 
-2141 0.0099 : -4417 0.008 5 
1093 0.0118 1788 | 0.0134 
6933 | —0.2026 0938 | 0.0133 
5315 | —0.1140 1762 | 0.0139 
3230 | —0.0348 0890 | 0.0136 
1681 | —O.00T5 1762 0.0137 
1.0864 0.008 I 2441 0.0138 
1.0445 0.0113 25 1.0475 0.0133 
1.0232 0.0122 1.0061 0.0135 


I 
I 
I 
I 
I 
I 
I. 
I 
I 
I. 
I 
I 
I 
I 
J 
i 
I 
I 
I 
uy 
I 
IT 
I 
Ti 
I 
I 
a i 
1G 
I. 
16 


NO OOOO OOOO OOOO OO 


* J, Jahn, P, Perkin, V, Verdet, B, Becquerel, S, Schénrock; see p. 378 for references. 
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382 TABLES 479, 480. 
TABLE 479. — Magneto-Optic Rotation. 


Gases, 


Verdet’s 


Substance. Pressure. Temp. constant in Authority. 
minutes. 


Atmospheric air - . | Atmospheric | Ordinary ; Becquerel. 
Carbon dioxide “ “ <6 


Carbon disulphide , : : P 74 cms. 7 Ones -4C Bichat. 

Hithylenc ama | : : . | Atmospheric | Ordinary : Becquerel. 

Nitrogen 2 é ¢ « % 

Nitrous oxide . 

Oxygen . 5 

Sulphur dioxide 
3 6 


“ 
be 
“ 


| Bichat. 


See also Siertsema, Ziting. Kon. Akad. Watt., Amsterdam, 7, 1899; 8, 1900. 


Du Bois shows that in the case of substances like iron, nickel, and cobalt which have a variable 
magnetic susceptibility the expression in Verdet’s equation, which is constant for substances of con- 
stant susceptibility, requires to be divided by the susceptibility to obtain a constant. For this 
expression he proposes the name “ Kundt’s constant.” These experiments of Kundt and Du 
Bois show that it is not the difference of magnetic potential between the two ends of the medium, 
but the product of the length of the medium and the induction per unit area, which controls the 
amount of rotation of the beam, 


TABLE 480.— Verdet’s and Kundt’s Constants. 


The following short table is quoted from Du Bois’ paper. The quantities are stated in c. g. s. measure, circular 
measure (radians) being used in the expression of ‘‘ Verdet’s constant ’’ and ‘* Kundt’s constant.” 


Wave-length | 
of light 
in cms. 


Magnetic 
susceptibility. 


Kundt’s 
| constant. 


Name of substance. 
Number. Authority. 


Gopalttar. : - - - 6.44 X 1075 
Nickel . = = = oF 
Tron 4 4 F - - - 6.56 
Oxygen: I atmo. . | + 0.0126 X I10-* | 0.000r79 X 10->| Becquerel. | 5.89 
Sulphur dioxid -|—oo751 “ 0.302 £6 6 
Waterss: : - |—0.0694 ‘ : Arons 
Nitric acid . === 00033 : Becquerel. 
Alcohol . 0 . | — 0.0566 ne De la Rive. 
IDB oo : oa OLOb AT “ 
Arsenic chloride . | — 0.0876 : Becquerel. 
Carbon disulphide . | — 0.0716 5 Rayleigh. 
Faraday’s glass . | — 0.0982 : Becquerel. 
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TABLES 481-483. 383 
TABLE 481. — Values of Kerr’s Constant.* 


Du Bois has shown that the rotation of the major axis of vibration of radiations normally reflected from a magnet is 
algebraically equal to the normal component of magnetization multiplied into a constant A. He calls this con- 
stant A, Kerr’s constant for the magnetized substance forming the magnet. 


Wave- Kerr’s constant in minutes per c. g. s. unit of magnetization. 
Spectrum | length =k. - wel 
line. in cms. 


Color of light. 


X 10° 


Cobalt. 
6 


Nickel. 


Iron. 


Magnetite. 


Red . 
Red . 
Yellow 
Greens; 
Blue . 


Violet 


Lia 


—0.0208 
—0.0198 
—0.0193 
—0.0179 
—o.0180 


—0.0182 


—0.0173 
—0.0160 
—0.0154 
—0,0159 
—0.0163 


—0.0175 


—0.01 54 
—0.0138 
—0.01 30 
—O.OIII 
—0.0101 


—0.0089 


+-0.0096 


+o0.0120 
0.0133 
0.007 2 
+0.0026 


*H. E. J. G. Du Bois, ‘‘ Phil. Mag.” vol. 29. 


TABLE 482. — Dispersion of Kerr Effect. 


Wave-length. 


Steel 


Cobalt 


Nickel . 


Field Intensity = 10,000: C. G.’S. units. (Intensity of Magnetization =about 800 in steel, 700 to 800 in cobalt, 
about 400 in nickel), Ingersoll, Phil. Mag. 11, p. 41, 1906. 


TABLE 483. — Dispersion of Kerr Effect. 


Mirror. 


Iron 


Cobalt . 


Nickel . 
Steel 


Invar . 


Magnetite 


Foote, Phys. Rev. 34, p- 96, 1912. 


See also Ingersoll, Phys. Rev. 35, p- 312, 1912, for “The Kerr Rotation for Transverse Magnetic Fields,” and 
Snow, 1. c. 2, p. 29, 1913, ‘‘ Magneto-optical Parameters of Iron and Nickel.” 
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TasLes 484-486. 
RESISTANCE OF METALS. MAGNETIC EFFECTS. 


TABLE 484,—Variation of Resistance of Bismuth, with Temperature, in a Transverse 


Magnetic Field. 


Proportional Values of Resistance. 


+18° 


1.08 
Fe 
25 
ee 
1.42 
1.54 
1.67 
1.80 


CII BDHRoOBSLE 
Sy 
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TABLE 485, —Increase of Resistance of Nickel due to a Transverse Magnetic 
Field, expressed as % of Resistance at 0° and H—0O. 


F. C. Blake, Ann. der Physik, 28, p. 449; 1909. 


TABLE 486.— Change of Resistance of Various Metals in a Transverse Magnetic Field. 
Room Temperature. 


Metal. 


Field Strength 
in Gausses. 


Per cent 
Increase. 


Authority. 


Nickel 


Palladium 
Platinum 
Lead 
Tantalum 
Magnesium 
Manganin 
Tellurium 
Antimony 


Iron 


Nickel steel 


—1.2 

—I.4 

—1.0 

—I.4 

—0.53 

+0.03 

-+-0.01 

-+-0.004 
+0.004 

+ 0.003 
+0.002 
+0.001 
+-0.0005 
+0.0004 
+0.0003 
+0.01 

+0.01 

+0.02 to 0.34 
+0.02 to 0.16 


Different specimens show very 
diverse results, usually an in- 
crease in weak fields, a decrease 


in strong. 


Alloys behave similarly to iron. 


Williams, Phil. Mag. 9, 1905. 

Barlow, Pr. Roy. Soc. 71, 1903. 
Dagostino, Atti Ac. Linc. 17, 1908. 
Grummach, Ann. der Phys. 22, 1906. 


““ 
“ 
“ec 
“ 
“ce 
“ 


“ 


Dagostino, l. c. 


Goldhammer, Wied Ann. 


Grummach, l. ¢. 
Bariow, l. c. 
Williams, l. ¢. 


Williams, lL. c. 
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TABLES 487, 488. 
TABLE 487, —Transverse Galvanomagnetic and Thermomagnetic Effects. 


385 


Effects are considered positive when, the magnetic field being directed away from the observer, 
and the primary current of heat or electricity directed from left to right, the upper edge of the 
specimen has the higher potential or higher temperature. 


4 = difference of potential produced; 7'= difference of temperature produced; 7= primary 


at ¢ 
current; 7. = primary temperature gradient; 5—breadth, and D= thickness, of specimen : 
//= intensity of field. C. G. S. units. 


Hall effect (Galvanomagnetic difference of Potential), = Ri 
Ettingshausen Gites ( ss “SDemperatune), 9/7 Be 
Nernst effect (Thermomagnetic  “ *<) Pogential) == one 
Leduc effect ( ts cS “ Temperature), 7= SHB 


Substance, Values of 2. P X 10%, 


+200 
+2 
—0.07 


Tellurium 
Antimony 

Steel : 
Heusler alloy 
Iron 

Cobalt 

Zinc 

Cadmium 
Iridium 

Lead 

Tin. 

Platinum . 
Copper ; 
German silver . 
Gold . 
Constantine. 
Manganese . 
Palladium 


+400 to 800 
=z 0.0 = 0122 
-+.012 “ 0.033 


-+ 360000 

| +9000 to 18000 
—700 “ 1700 

7000 

1500 

2240 

240 


+.o10 “ 0.026 = t 
+.007 “ o.o11 
-+.0016 “ 0.0046 


—0.06 ws 
+0.01 ae 
-+.00055 
-+ .00040 up to —s.o 
-+-.00009 —5.0 (?) 
—.00003 HID ((*) 
—.0002 - 
—.00052 —9o to 270 
—.00054 
—,00057 to .00071 
—.0009 
—.00093 


Silver . 
Sodium 
Magnesium . 
Aluminum 
Nickel 
Carbon 
Bismuth 


— 0007 to .oo12 
—.0008 “ .0015 
—.0023 
—.00094 to .0035 
—.00036 “ .0037 
—,004'5 “*.024) 
—.017 
—up to 16. 


+0.04 to 0.19 
a5 
+3 to 40 


+50 to 130 
—46 “ 430 


+2000 * gooo 
+100 

| + up to 132000 

| 


TABLE 488,—Variation of Hall Constant with the Temperature. 


Bismuth.! ” Antimony.” 


2 Everdingen, Comm. Phys. Lab. Leiden, 58. 

* Melting-point. 

Both tables taken from Jahn, Jahrbuch der Radioactivitat und Electronik, 5, p. 166; 1908, who has collected data of 
all observers and gives extensive bibliography. 


1 Barlow, Ann. der Phys. 12, 1903. 
3 Traubenberg, Ann. der Phys. 17, 1905. 
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RONTGEN (X-RAYS) RAYS. 


TABLE 489.— Cathode and Canal Rays. 


Cathode (negative) rays consist of negatively charged particles (charge 4.77 X to 1° esu, 
I.s9t X 10° emu, mass, 9 X 108 g or 1/1800 H atom, diam. 4 x 10% cm) emitted at low 
pressures in an electric discharge tube perpendicularly to the cathode (.’. can be focused) with 
velocities (10° to 10! cm/sec.) depending on the acting potential difference. When stopped by 
suitable body they produce heat, ionization (inversely proportional to velocity squared), photo- 
graphic action, X-rays, phosphorescence, pressure. The bulk of energy is transformed into 
heat (Pt, Ta, W may be fused). In an ordinary X-ray tube carrying 1o~* ampere the energy 
given up may be of the order of too cal/m. Maximum thickness of glass er Al for appreciable 
transmission of high speed particles is .cors cm. Maximum velocity Va with which a cathode 
ray of velocity Vo may pass through a material of thickness d is given by Vot — Va* = ad X 10%; 
a= 2 for air, 732 for Al and 2540 for Au, cm-sec. units (Whiddington, 1912). Cathode rays 
have a range of only a few millimeters in air. F , 

Canal (positive) rays move from the anode with velocities about 10® cm/sec. in opposite 
direction to the cathode rays, carry a positive charge, a mass of the order of magnitude of the 
H molecule, cause strong ionization, fluorescence (LiCl fluoresces blue under cathode, red under 
canal ray bombardment), photographic action, strong pulverizing or disintegrating power and 
_ by bombardment of the cathode liberate the cathode rays. 


TABLE 490. — Speed of Cathode Rays. 


The speed of the cathode particles in cm/sec. as dependent upon the drop of potential to 
which they owe the speed, is given by the formula » = 5.95 VE-107. The following table gives 
values of 5.95 VE. 


Se Sane 20 30 40 50 70 80 90 100 
Velocity x ton"... 18.8)|/26.6:|, 32.6 || 37.6 | 42.1 , 49.8 | 5383 | 56.5 |) 5025 


Sera 200 | 300 | 400 | 500 | 600 | 7oo | 800 | goo | 000 
Velocity X 107.. .| 59.5 | 84.2] 103.1 | 119.1 | 133.1 | 145.8 | 157.5 | 168.3 | 178.6] 188. 


For voltages tooo to 10,000 multiply 2d line by tro, etc. 


TABLE 491. — Cathodic Sputtering. , 


The disintegration of the cathode in an electric discharge tube is not a simple phenomenon 
The particles taking part in the sputtering must be either large or of high speed or both (2000-4 
gauss field required for their deviation). It depends upon the nature of the residual gas. H,N 
CO: are not generally favorable; Ar is especially favorable, also He, Ne, Kr and Xe Raised 
temperature favors it. The relative sputtering from various metals is shown in the following 
table (Crookes, Pr. R. S. 1891); the residual gas was air, pressure about .o5 mm Hg, a 


=— 


Gui Cail GNia| eased eA Mg | Brass 


37 3r Io Io ° 47 


For further data on cathode, canal and X-rays, see X-rays by G. W. C. Kaye, Longmans 
1917, upon which much of the above and the following data for X-rays is based. See also a; 7 
Thomson, Positive Rays, Longmans, 1913. + ll 
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. TABLES 492-493, 387 
RONTGEN (X-RAYS) RAYS. 
TABLE 492. — X-rays, General Properties. 


X-rays are produced whenever and wherever a cathode ray hits matter. They are invisible, 
of the same nature as, and travel with the velocity of light, affect photographic plates, excite 
phosphorescence, ionize gases and suffer deviation neither by magnetic nor electric fields as do 
cathode rays. In an ordinary X-ray tube (vacuum order 0.001 to o.or mm Hg) the cathode 
(concave for focusing, generally of aluminum) rays are focused on an anticathode of high atomic 
weight (W, Pt, high atomic weight, high melting point, low vapor pressure, to avoid sputtering, 
high thermal conductivity to avoid heating). Depth to which cathode rays penetrate, order 
of 0.2 X ro-> cm in Pb, 90,000 volts (Ham, 1910), 24 x r0* cm in Al, 22,000 volts (Warburg, 
1915). Note: High speed H and He molecules (2 x 108 cm/sec.) can penetrate 0.001 to 0.006 
mm mica; He a particles (2 x 109 cm/sec.), 0.04 mm glass. 

The X-rays from an ordinary bulb consist of two main classes: 

Heterogeneous (‘‘general,’’ ‘““independent’’) radiation, which depends solely on the speed of 
the parent cathode rays. It is always present and its range of hardness (wave-lengths) depends 
on oe range of speeds of the cathode rays. Its energy is proportional to the 4th power of these 
speeds. 

Homogeneous (‘‘characteristic,” ‘‘monochromatic’’) radiation (K, L, M, etc. radiations, 
see Table 498 for wave-lengths), characteristic of the metal of the anticathode. Generated only 
when cathode rays are sufficiently fast. There is a critical velocity for each characteristic 
radiation from each material, proportional to the atomic weight of the anticathode. The critical 
velocity for the K radiation is Vg = A x 10%, when 4 is the atomic weight of the radiator (e.g. 
anticathode); V; = 1/2(A — 48)108. 

The following relation has been found to hold experimentally between the voltage V through 
which. the cathode particles fall and the maximum frequency v of the X-rays produced: eV 
= hy, where ¢ is the electronic charge and /, Planck’s constant. Blake and Duane (Phys. Rev. 
Io, 624, 1917) found for h, 6.555 <X 10-2” erg second. 

As the speed of the cathode rays is increased, shorter and shorter wave-lengthed ‘“‘independent”’ 
X-rays are produced until the critical speed is reached for the “characteristic” rays; with faster 
speeds, the cathode rays become at first increasingly effective for the characteristic radiation, 
then less so as the independent radiation again predominates. 

When cathode rays hit the anticathode some 75-per cent are reflected, the more the heavier 
its atomic weight. The chances of the remainder hitting an atom so as to generate an X-ray 
are slight; only 1/1000 or 1/2000 of the original energy goes into X-rays. If #, and £&, are the 
energies of the X and the parent cathode rays, A the atomic weight of the anticathode, B the 
velocity of the cathode rays as fraction of the light value (3 x 10° cm/sec.), Beatty showed 
(Pr. R. S. 1913) that EH, = E, (.51 x 10tAB?); this refers only to the independent radiations; 
when characteristic radiations are excited their energy must be added and the tube becomes 
considerably more efficient. No-quantitative expression for the latter has been developed. 

When an X-ray strikes a substance three types of radiation result: scattered (sometimes called 
secondary) X-rays, characteristic X-rays and corpuscular rays (negatively charged particles). 
The proportions of the rays depend on the substance and the quality of the primary rays. When 
the substance is of low atomic weight, by far the greater portion of the X-rays, if of a penetrating 
type, are scattered. With elements of the Cr-Zn group most of the resulting radiation is “charac- 
teristic.”” With the Cu group the scattered radiation (1/200) is negligible. Heavier elements, 
both scattered and characteristic X-rays. Corpuscular radiation greater, mass for mass, for 
elements of high atomi¢ weight and may mask and swamp the characteristic radiation. Hence 
an X-ray tube beam, heterogeneous in quality, allowed to fall on different metals, — Cu, Ag, Fe, 

’ Pt, etc., — excites characteristic X-rays of wide range of qualities. Exciting ray must be harder 
than the characteristic radiation wished. The higher the atomic weight of the material struck 
(radiator), the more penetrating the quality of the resulting radiation as shown by the following 
table, which gives X, the reciprocal of the distance in cm in Al, through which the rays must pass 
in order that their intensity will be reduced to 1/2.7 of their original intensity. 

TABLE 493.— Roéntgen Secondary Rays. 


55.8 59.0 58.7 63.6 65.4 | 75.0 | 79.2 | 87.6 | 108. IIQ. 
239. 193. 160. 129. 106. 61. ein 35.2 1 6.75 4.33 


With the radiator at 45° to the primary X-rays at most only about 50 per cent of the energy 
goes to characteristic rays and only about 1 /1o of the latter escape the surface of the radiator. 
The 6 radiations of radioactive elements may possibly be regarded (Rutherford) as a characteristic 
radiation produced by the expulsion of the a particles. The hardness of some corresponds to the 
K and L radiations. 3 é 

For more complete data on X-rays, see X-rays, G. W. C. Kaye, Longmans, 1917, upon which 
these X-ray tables are greatly based. 
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RONTGEN (X-RAYS) RAYS. 
TABLE 494. — Corpuscular Rays. 


Corpuscular rays are given off in greatest abundance when radiator emits its characteristic radiation. Intensity 
increases with atomic weight (4th power, Moore, Pr. Phys. Soc.). Greater number emitted at right angles to incident 
rays. Velocity range (6 to 8.5)10® cm/sec. = velocity when leaving radiator = 108(A = Atomic weight) = critical 
velocity necessary to excite characteristic radiation, therefore corpuscular rays have practically the same velocity as 
the original generating cathode rays.. Are of uniform quality when excited by characteristic rays and follow exponen- 
tial law of absorption in gases. If A is the absorption coefficient and A the atomic weight, AA* = vot = constant 


(Whiddington, Beatty). 2 is defined by J = Io e-Ad where J and Jo are the intensities after and before absorption and 
d the thickness of the absorptive layerin cm. The following values for ) in air for characteristic radiations from various 
substances are due to Sadler. (At 0° C and 76 cm Hg.) \ 


Exciting characteristic radiation from 


Metal emitting 
corpuscles. 


TABLE 495.— Intensity of X-Rays. Ionization. 


The intensity of the radiation from an X-ray bulb is proportional to the current. Except at low voltages it equals 
Ki(v® — v0?) where 7 is the current, 2 the applied voltage, vo the break-down voltage and K a constant for the tube (Krénke). 
The intensity of X-rays is most accurately measured by the ionization they produce. This may be referred to the 
International Radium Standard (see Table 508). It is proportional to the 4th power of the speed of the parent cathode 
rays (Thomson), (true only of independent rays, Beatty, 1913). The saturation current due to X-ray ionization is 
usually of the order of 107! to 10715 ampere. When X-rays pass through a substance, only once ina while is an atom 
struck, only perhaps 1 in a billion, and ionized. The ionization is probably an indirect process through the mediation 
of corpuscular rays. -In the absence of secondary radiations the ionization is proportional to the mass of the gas 
(that is, its pressure at constant temperature). It depends on the nature of the gas, but is little affected by the quality 
of the rays. The following results are due to Crowther, 1908. 


Ionization relative to air = 1. 


Gas or vapor. : 
P Density, Soft X-rays | Hard X-rays 
air. = z, 6 mm spark. | 27 mm spark. 


Hydrogen He 

Carbon dioxide COs. . 

Ethyl chloride C2HsC 

Carbon tetrachloride CCl4 

Ethyl bromide C2HsBr 

Methyl iodide CHsI 

Mercury methyl Hg(CHs)2.......... 


NRwWUPHO 


SMITHSONIAN TABLES. 


TABLES 496-497. 3 89 
RONTGEN (X-RAYS) RAYS. 
TABLE 496. 


Mass Absorption Coefficients, )\/d. 


The quality by which X-rays have been generally classified is their “hardness” or penetrating power. It is greater 
the greater the exhaustion of the tube, but for a given tube depends solely upon the potential difference of the elec- 
trodes. With extreme exhaustion the X-rays have an appreciable effect after passing through several millimeters of 
brass or Al. The penetrability of the characteristic radiation is in general proportional to the 5th power of the atomic 
weight of the radiator. The absorption of any substance is equal to the sum of the absorptions of the individual atoms 
and is independent of the chemical combination, its physical state and probably of the temperature. Most of the 
following table is from the work of Barkla and Sadler, Phil. Mag. 17, 730, 1909. For starred radiators, L radiations 
used; for others the K. 5 

Ti Jo be the intensity of a parallel beam of homogeneous radiation incident normally on a plate of absorbing material 


of thickness #, then J = Ig e-At gives the intensity J at the depth x. Because of the greater homogeneity of the secondary 


. “ae pe) were used in the determination of the following coefficients. The coefficients \ have been divided by the 
ensity d. 


Absorber. 


Radiator. 
Cu Zn 


170. 
II2. 


RROOLONW ADH 


Donna 


ey hat 
Es 


elma 


TABLE 497.— Absorption Coefficients of Characteristic Radiations in Gases. 


The penetrating power of X-rays ranges in normal air from rt to 10,000 cm or more. The absorptive power of 1 
cm air = 1/820 that of water. X (see preceding table for definition) for air for soft bulb (z.5 to 5 cm spark gap, 4 to 
Io m air) ranges from .oo1o to .oor8; for hard bulb (30 cm spark gap, 4 to 10 m air), .00029. (Eve and Day, Phil. 
Mag. 112.) The absorption coefficient for gases for characteristic or monochromatic radiations varies directly with 
the pressure. For different characteristic radiations it is proportional to the coefficients in air. It varies with the sth 
power of the atomic weight of the radiator. The following table is taken from Kaye’s X-rays and is based on the work 
of Barkla and Collier (Phil. Mag. ror2) and Owen. All are for the gas at o° C and 76 cm Hg. 


C:HsBr 
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300 i ‘ TABLE 498. 
X-RAY SPECTRA AND ATOMIC NUMBERS. 


Kaye has shown that an element excited by sufficiently rapid cathode rays emits R6ntgen rays characteristic of 
that substance. These were analyzed and the wave-lengths determined by Moseley (Phil. Mag. 27, 703, 1914), usin 
a crystal of potassium ferrocyanide as a grating. He noted the K series, showing two lines, and the L series with several. 
He found that every element from Al to Au was characterized by integer V, which determines its X-ray spectrum; 
N is identified with the number of positive units associated with its atomic nucleus. The order of these atomic num- 
bers (WV) is that of the atomic weights, except where the latter disagrees with the order of the chemical properties. 
Known elements now correspond with all the numbers between 1 and g2 except 6. There are here six possible elements 
still to be discovered (atomic nos. 43, 61, 72, 75, 85). 

The frequency of any line in an X-ray spectrum is approximately proportional to A(N — 5)?, where A and 6 are 
constants. All X-ray spectra of each series are similar in structure, differing only in wave-lengths. Qe = (v/%v0); 


Qz, = (0/#5v0) where 2 is the frequency of the a line and v9 the fundamental Rydberg frequency. The atomic number 

for the K series = Qx+ 1 and for the L series, Q 7, + 7.4 approximately. v0 = 3.29 X r1ol% d 2 
prceeley's work has been extended, and the following tables indicate the present (1919) knowledge of the X-ray 

spectra. ; 


(a) K Serres (WAVE-LENGTHS, A X 108 co). 
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TABLE 498 (continued). 301 
X-RAY SPECTRA AND ATOMIC NUMBERS. 


(b) L Serres (WAVE-LENGTHS, A X 108 cM). 


Element, 


H 
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392 TABLE 498 (continued). 
X-RAY SPECTRA AND ATOMIC NUMBERS, 


(6) L Serres (WAVE-LENGTHS, A X 108 CM). 


Element, 
atomic Bs B 
number. 


622 1.683 
. 568 1.620 
.514 1.560 
-414 I.451 
. 368 1.399 
. 280 1.303 
. 241 1.258 
.167 1.176 
33 1.138 
IOL 1.098 
.005 I.059 
.042 — 

. 006 0.998 
.983 0.968 
054 0.937 


Dy 
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-797 0.758 
0.615 


-756 0.710 


(ome) 


Element, 
atomic 
number. 


Wwohannn 


Reference: Jahrbuch der Radioaktivitaét und Elektronik, 13, 296, 1916. 


(d) TUNGSTEN X-RAY SPECTRUM (WAVE-LENGTHS, \ X 108 ca). 


: The phe Fee of Ea tungsten aoe ppectum have been measured more frequently than those of any other 
element. e following values are perhaps the most accurate that have hitherto been published. C i 
Review, 7, 646, 1916 (errata, 8, 753, 1916). ae ompton a 


Other references on the X-ray spectrum of tungsten: Gorton, Physic i 5 
; y_spect : sten: ‘ ysical Review, 7, 203, 1916; 
Acad. Sci. 2, 265, 1916; Dershem, Physical Review, 11, 461, 1918; Overn, Physical hee oa aie 
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TABLE 499. : 303 
X-RAY ABSORPTION SPECTRA AND ATOMIC NUMBERS. 


A marked increase in the absorption of X-rays by a chemical element occurs at frequencies 
close to those of the X-rays characteristic of that element. The absorption coefficient is much 
greater on the short wave-length side. In the K series the a lines aré much stronger than the 
corresponding 6 and y lines, but the wave-lengths of the a lines are greater. There is a marked 
increase in the absorption at wave-lengths considerably shorter than the a lines and near the 
B lines. Bragg came to the conclusion that the critical absorption frequency lay at or above 
the y of the K series. The y line has a frequency about 1 per cent higher than the corresponding 
B line. For the L series there are 3 characteristic marked absorption changes (de Broglie). 

The critical absorption wave-lengths of the following table are due to Blake and Duane, 
Phys. Rev. 10, 697, 1917. The equation v= vo(N — 3.5)? where v is Rydberg’s fundamental 
frequency (109,675 Xx the velocity of light) and NV the atomic number, represents the data with 
considerable accuracy. The nuclear charge is obtained by Q = 2e(N — 3.5). 


Atomic 


Atomic 
number. 


Element. number. 


Element. A Element. 


Bromine : Ruthenium ; Tellurium.. 
Rhodium. . : | Iodine 

Rubidium. ... ; : Menomteee 
Strontium... . : : || Caesium... 
iBariumisee 
Zirconium... . : reves ee : Lanthanum 
Niobium... .. ‘ F Cemuniaeee 
Molybdenum. ‘ Antimony : 
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394 TaBLes 500-502. — RADIOACTIVITY. 


Radioactivity is a property of certain elements of high atomic weight. It is an additive 
property of the atom, dependent only on it and not on the chemical compound formed nor 
affected by physical conditions controlling ordinary reactions, viz: temperature, whether solid or 
liquid or gaseous, etc. : 

With the exception of actinium, radioactive bodies emit a, B, oryrays. a Yrayé are easily ab- 
sorbed by thin metal foil or a few cms. of air and are positively charged atoms of helium emitted 
with about 1/15 the velocity of light. They are deflected but very slightly by intense electric or 
magnetic fields. The B rays are on the average more penetrating, are negatively charged particles 
projected with nearly the velocity of light, easily deflected by electric or magnetic fields and 
identical in type with the cathode rays of a vacuum tube. The vy rays are extremely penetrating 
and non-deviable, analogous in many respects to the very penetrating Rontgen rays. These rays 
produce ionization of gases, act on the photographic plate, excite phosphorescence, produce certain 
chemical reactions such as the formation of ozone or the decomposition of water. All radio- 
active compounds are luminous even at the temperature of liquid air. , ~s 

Table 506 is based very greatly on Rutherford’s Radioactive Substances and their radiations 
(Oct. 1912). To this and to Landolt-Bornstein Physikalisch-chemische Tabellen the reader is re- 
ferred for references. In the three radioactive series each successive product (except Ur. Y, and 
Ra. Cy) results from the transformation of the preceding product and in turn produces the follow- 
ing. When the change is accompanied by the ejection of an a particle (helium, atomic weight = 4.0) 
the atomic weight decreases by 4. ‘he italicized atomic weights are thus computed. Each pro- 
duct with its radiation decays by an exponential law; the product and its radiation consequently 
depend on the same Jaw. I= Ioe-At where Ip = radioactivity when t=O, I that at the time t, 
and A the transformation constant. Radioactive equilibrium of a body with its products exists 
when that body is of such long period that its radiation may be considered constant and the 
decay and growth of its products are balanced. h 

International radium standard: As many radioactivity measures depend upon the purity of the 
radium used, in rgt2 a committee appointed by the Congress of Radioactivity and Electricity, 
Brussels, 1910, compared a standard of 21.99 mg. of pure Ra. chloride sealed in a thin glass tube 
and prepared by Mme. Curie with similar standards by Honigschmid and belonging to The 
Academy of Sciences of Vienna. The comparison showed an agreement of 1 in 300. Mme. 
Curie’s standard was accepted and is preserved in the Bureau international des poids et mesures 
at Sevres, near Paris. Arrangements have been made for the preparation of duplicate standards 
for governments requiring them. 


TABLE 500. —Relative Phosphorescence Excited by Radium. 
(Becquerel, C. R. 129, p. 912, 1899.) 


Without screen, Hexagonal zinc blende . 5 0 2 13.36 With screen . 
of ee Pt. cyanide of barium . ; : . 1.99 Le ut ~ 

Diamond i 5 . 5 : : 1.14 

oe Double sulphate Urand K . 

$6 Calcium fluoride . A . a é 30 


6 “ 


The screen of black paper absorbed most of the a rays to which the phosphorescence was greatly due. For the last 
column the intensity without screen was taken as unity. The y rays have very little effect. 


TABLE 501,—The Production of a Particles (Helium). 
(Geiger and Rutherford, Philosophical Magazine, 20, p. 691, 1910.) 


@ particles 


Radioactive substance (rt gram.) per sec. 


Helium per year. 


Uranium . neater es : 

Uranium in equilibrium with products 

Thorium ‘ te ss S 

Radium Aree Ar : 3 : 4 o 5 

Radium in equilibrium with products. : 5 Z 


2.37 X 104 
9.7. X 104 
2.7 X 1of 
3-4 X 10! 
3.6 X rold 


TABLE 502, — Heating Effect of Radium and its Emanation. 
(Rutherford and Robinson, Philosophical Magazine, 25, p. 312, 1913.) 


Heating effect in gram-calories per hour per gram radium: 


@ rays. B rays. y rays. 


Radium . ; : ' 25.1 
Emanation . 5 5 28.6 
RadiumA F 30.5 
Radium B+C . : 39-4 


Totals . 0 : ; 123.6 


Other determinations : Hess, Wien. Ber. 121, p. r, 1912, Radium (alone) 25.2 cal. per hour per gram. Meyer and 
Hess, Wien. Ber. 121, p. 603, 1912, Radium in equilibrium, 132.3 gram. cal. per hour per gram. See also, Cailendar, 
Phys. Soc. Proceed. 23, p. 1, 1910; Schweidler and Hess, Ion. 1, p. 161, 1909; Angstrom, Phys. ZS. 6, 685, 1905, etc. 
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TABLES 603-505. 395 
RADIOACTIVITY. 
TABLE 503.—Stopping Powers of Various Substances for a Rays. 


s, the stopping power of a substance for the a rays is approximately proportional to the square 
root of the atomic weight, w 


Substance | He 
Seed fate sles 24 
PTO Sas, abil eee) 


Substance | Cu 


2.43 
VERO geste! 2<0O 


Bragg, Philosophical Magazine, 11, p. 617, 1906. 


TABLE 504;— Absorption of 8 Rays by Various Substances. 


m, the coefficient of absorption for 6 rays is approximately proportional to the density, D. See 
Table 506 for mu for Al. 


Substance . 


PVA DY ee 
Atomic Wt. 


Substance . 


L/D. 
Atomic Wt. 


Substance . 
LD tetas 
Atomic Wt. 


For the above data the B rays from Uranium were used. 
Crowther, Philosophical Magazine, 12, p. 379, 1906. 


TABLE 505.— Absorption of y Rays by Various Substances. 


Substance. | Density. 


Radium rays. 


“(cm)-! | 100%/D 


Uranium rays. 


room. /D 


Meso. Th2 
&(cm)—1 


Range of 
thickness 
cm. 


Hg 
Pb 


Gulee 
Brass 
Fe 
Sn 
Zn 
Slate. 
PAN SS 


Glass 
Saye ue. 
Paraffin . 


.642 


PAOWWWW AA 
OHO DO CO Qo™w 
DAfW OOO CO FN 


23, LO 


“ 


a iS) 


bh OW ASA On 


al 
a 
Ow 


In determining the above values the rays were first passed through one cm. of lead. 


Russell and Soddy, Philosophical Magazine, 21, p. 130, rg11. 
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. RADIOACTIVITY. 


P =1/2 period = time when body is one half transformed. A = transformation constant (see previous page). 
The initial velocity of the a particle is deduced from the formula of Geiger V = aR, where R = range and assuming 


z Z 
the velocity for RaC of range 7.06 cm. at 20° is 2.06 X 109 cm per sec., i.e., v = 1.0775. 


ete 


URANIUM-RADIUM GROUP. 


@ rays. 


Transforma- 
; oe Initial | Kinetic | Whole no. 
Atomic | 1/2 period, | constants. velocity. | energy. 
weights. . 6931 
ee ry 


of ions 
produced. 


By ana 


cm per s Ergs. particle. 


Uranium z.... : 5 X 10% y. jt-4 X10 Wy. 
Uranium Xi... 
Uranium X2... 
Uranium 2.... 
Uranium Y.... 


-65 X 1045/1. 


DB 
5 


272 X% 107-%r. 


-75 X Io-4|r. 
“ 

. aS 

pe 

iE 


“ 


aw fs) 
28@++88+edBadta 
D 


Br 


+31 X 1075] 2.37 X 108 


n 


er 4 
2 


SES De as ae : ; : i — — 
Ra F. Polonium -00510 d. .87 X 1075|1.63 X 105 


ActTINIuM. GROUP. 


Actinium —_— ? 4 7 .82 X 101.55 K 108 
Radio-Act.... A Q .0355 d. ae : -9 mi a 
Actinium X... 5 .068 d. ; : -94 et. 79 

Act. Emanation 5 .178 s. : : Sit 52 ez .OF 
Actinium A.,.. ; Pa'5O1St a 2 *€ 12.20 
Actinium B.... ; .O193 m. slow 8 

Actinium Ci... 5 .33 Mm. a 
Actinium D... é -147 B+y 
Actinium C’... _— a 


I.05 X 10°5/1.94 X 108 
a “c = 


THORIUM GROUP. 


Thorium 1.3 X rol? y.15.3 X ro 
Mesothorium 1 8 5 . £20' yr. 
Mesothorium 2 f 5 <2T2 hy 
Radiothorium.. § -347 Y- 
Thorium X.... 4 : -Igo d. 
Th. Emanation. 7 .0128 s, 
Thorium A.... : . 14.95 S. 
Thorium B.... 6h. .0654 h. 

| Thorium Ci... 2 -orr8 m. 
Thorium D.... .224 Mm. 
Thorium C’... to sec. |7 X 102 sec. 


to 
n 


a BD, 
at+++sa+ea+ga 
2.2 


Gut a Os 
[Soa ol Is 


Ba® 
2 Rr 
oe 
ELE Lehto ray Se 


Potassium 
Rubidium 


DD 


See The Constants of Radioactivity, Wendt, Phys. Rey. 7, p. 380, rg16. 
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RADIOACTIVITY. 
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= coefficient of absorption for 6 rays in terms of cms. of aluminum; ji, of the y rays in cms of Al, so that if 
Jo is the incident intensity, J that after passage through d cms, J = Joe~déu. 


—_== 


B rays, Y rays. 


Absorption 
coefficient = pu 


Velocity 
light = 1 


Absorption 
coefhicient = uw 


Wide range 


354, 16, .27 


-36 to .74 230, 40, .51 


-80 to .98 ELS 
a 45, -.99 


Like Ra D 


Wide range 
a = 585 


URANIUM-RADIUM GROUP. 


Remarks. 


x gram U emits 2.37 X 10! @ particles per 
sec. 

6 rays show no groups of definite veloci- 
ties. Chemically allied to Th. 


Not separable from Ur tr. 

Probably branch product. 
quantity. 

Chemical properties of and FEELS 
from Thorium. 

Chemical properties of Ba. 1 ai emits 
per sec. in equilib. 13.6 X 10° a par- 
ticles. 

Inert gas, density r11 H, boils —65° C, 
density solid 5-6, condenses low pres- 
sure —1I50 

Like solid, has aie charge, volatile in H, 
400°, in ’O about 550°. 

Volatile about 400° C in H. 
pure by recoil from Ra A. 

Volatile in H about 430°, in O about tooo’. 

Probably branch product. Separated by 
recoil from Ra C. : 

Separated with Pb, not yet separable from 
it. Volatile below 1o00°. 


Exists in small 


Separated 


Separated with Bi. Probably changes to 
Pb. Volatile about 1000°. 


Actinium GROUP. 


120, 31, .45 


-198 


Probably branch product Ur series. 
Chemically allied to Lanthanum. 


Chemical properties analogous to Ra. 

Inert gas, condenses between —120° and 
—150° 

Analogous tc to Ra ee Volatile above 400°. 


: 700°. 
“ “ Be (os 
(Obtained by recoil.) 


Th. 
Th. 


Nay, 
Th. 


athe 
alia 


Mes. Th. 2.. 
Radetinesrr: 


THORIUM GROUP. 


20 to 38.5 


About 330 


160, 32, .36 
Weak 


.096 


Volatile in electric arc. Colorless salts not 
spontaneously phosphorescent. 

Chemical properties analogous to Ra from 
which non-separable. 


Chemically allied to Th, non-separable 
from it. 

Chemically analogous to Ra. 

Inert gas, condenses at low pressure be- 
tween 120° and —150°. 

+ charged, collected on — electrode. 

Chemically analogous to Ra B. Volatile 
above 630° C. 

eee arene to Ra C. Volatile 
above 7 

Ath a Th. D are probably respectively 
8 and a ray products from Th. Cy. 

Got by recoil from Th. C. Probably 
transforms to Bi. 


380, 1020 


1/tooo of Ur. 


Activity 
ss 1/500 of Ur. 


SMITHSONIAN TABLES. 


398 TaB_Les 607-510. 


RADIOACTIVITY. 


TABLE 507. — Total Number of Ions produced by the a, 8. and y Rays. 


The total number of ions per second due to the complete absorption in air of the B rays due to 1 
gram of radium is 9 X10}, to the y rays, 13 X10". 

The total number of ions due to the « rays from 1 gram of radium in equilibrium is 2.56 X10". 
If it be assumed that the ionization is proportional to the energy of the radiation, then the total 
energy emitted by radium in equilibrium is divided as follows: 92.1 parts to the a, 3.2 to the B, 47 
to the y rays. (Rutherford, Moseley, Robinson.) 


TABLE 508,— Amount of Radium Emanation. Curie. 


At the Radiology Congress in Brussels in rgio. it was decided to call the amount of emanation 
in equilibrium with 1 gram of pure radium one Curie. [More convenient units are the millicurie 
(1o—“Curie) and the microcurie (1o—°Curie)]. The rate of production of this emanation is 1.24 X10—% 
cu, cm. persecond. The volume in equilibrium is 0.59 cu. mm. (760 cm., O°C.) assuming the emana- 
tion mon-atomic. 


The Mache unit is the quantity of Radium emanation without disintegration products which 
produces a saturation current of 1o—8 unit in a chamber of large dimensions. 1 curie = 2.5 X10? 
Mache units. 

The amount of the radium emanation in the air varies from place to place; the amount per cubic 
centimeter of air expressed in terms of the number of grams of radium with which it would be in 
equilibrium varies from 24X10— to 350XI0—®. 


TABLE 509,—Vapor Pressure of the Radium Emanation in cms. of Mercury. 


(Rutherford and Ramsay, Phil. Mag. 17, p. 723, 1909, Gray and Ramsay, Trans. 
Chem. Soc. 95, p. 1073, 1909.) 


Temperature C°. —127° —ro1° —65° —56° —10° +17° +49° +73° +100° +104° (crit) 
Vapor Pressure. 0.9 5 75 100 500 1000 2000 3000 4500 4745 


TABLE 510.— References to Spectra of Radioactive Substances. 


Radium spectrum : Demargay. C. R. 131, p. 258, 1goo. 

Radium emanation spectrum: Rutherford and Royds, Phil. Mag. 16, p. 313, 1908; Watson, Proe. 
Roy. Soc. A 83, p. 50, 1909. 

Polonium spectrum : Curie and Debierne, Rad. 7, p. 38, 1910, C. R. 150, p. 386, 191¢ 
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TABLES 511-512. 
TABLE 511.— Molecular Velocities. 
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The probability of a molecular velocity x is (4/-~/7)x%e-22, the most probable velocity being taken as unity. The 


number of molecules at any instant of speed greater than c is 2V (hm/1)3 


co 
e~hme2 dc +- ce~hme2 > (see table), 


where WN is the total number of molecules. The mean velocity G (sq. rt. of mean sq.) is proportional to the mean 


kinetic energy and the pressure which the molecules exert on the walls of the vessel and is equal to 15,800 


VT/m cm/sec, 


where 7 is the absolute temperature and m the molecular weight. The most probable velocity is denoted by W, the 
average arithmetical velocity by Q. 


G=W V3/2 =1.225W; 


Dynamical Theory of Gases, 1916. 


ato? G, 


Q =W V4/r = 1.128W; 


G = V37/8 = 1.0860. ~ 


The number of molecules striking unit area of inclosing wall is (1/4)NQ (Meyer’s equation), where N is the number 
of molecules per unit volume; the mass of gas striking is (1/4)pQ where p is the density of the gas. For air at normal 
pressure and room temperature (20° C) this is about 14 g/em*/sec. See Langmuir, Phys. Rev. 2, 1913 (vapor pres- 
sure of W) and J. Amer. Ch. Soc. 37, 1915 (Chemical Reactions at Low Pressures), for fertile applications of these latter 
equations. The following table is based on Kinetic Theory of Gases, Dushman, Gen. Elec. Rev. 18, 1915, and Jeans, 


Molec- 


Sq. rt. mean sq. 
G X 107 cm/sec. 


502 
655 
428 
5Ir 
408 

1358 

1904 
290 
IgI 


605 
511 
478 


637 


Arithmetical average velocity, 
Q X 107 cm/sec. 


° 


203 


463 
604 
395 
471 
376 
1252 
1755 
272 
176 
557 
471 
440 


566 
210 


587 
218 


373° 


522 
681 
445 
531 
434 
I412 
1980 
308 
199 


629 
531 
497 


662 


236 


267 


190 


246 


I000° 


855 
II15 
729 
870 
604 
2300 
3241 
502 
325 
469 
1030 
869 
813 
339 
1084 
400 


1500° 


1047 
1307 
802 
1065 
850 
2840 
3970 
618 
308 
575 
1260 
1064 
996 
416 
1317 
403 


2000° 


1209 
1577 
1030 
1230 
981 
3270 
4583 
712 
459 
664 
1460 
1229 
II50 
480 
1533 
57° 


6000° 


2734 
1784 
2130 
1700 
5680 
7940 
1236 

796 
II50 
2520 
2128 
1992 

832 
2634 

986 


2004 » 


Free electron, molecular weight = 1/1835 when H = 1; G= 1.114 X 107 at o° C and Q“ = 1.026 X 107 


TABLE 512.— Molecular Free Paths, Collision Frequencies and Diameters. 


The following table gives the average free path L derived from Boltzmann’s formula pu (.3502p2), w being the vis- 
cosity, p the density, and from Meyer’s formula p(.3097pQ). Experimental values (Verh. d. Phys. Ges. 14, 596, 1912; 
15, 373, 1913) agree better with Meyer’s values, although many prefer Boltzmann’s formula. As the pressure decreases, 
the free path increases, at one bar (ordinary incandescent lamp) becoming 5 to 1o cm. The diameters may be deter- 
mined from L by Sutherland’s equation {r.402/-V2mN L(x + C/T), N being the number of molecules per unit 
vol. and C Sutherland’s constant; from van der Waal’s 6, {3/ 2N Var}3s from the heat conductivity k, the specific 


e 


(Laby and Kaye); a superior limit from the maximum density in solid 


and an inferior limit from the dielectric constant D, {(D - 1)2/mN}5: 


3. The table is derived principally from Dushman, J/.c. 


heat at constant volume cv, {.146pGcv/Nk i 
and liquid states (Jeans, Sutherland, pate 
or the index of refraction n, {2 — 1)2/7N 


L X 108 (cm) to’ & Molecular diameters (cm): - 


Average free path.* 


Collision 


Boltzmann. 


Meyer. 


of € 


20° C 


From L 
(vis- 
cosity) 
yu 


From 


From 


Limiting 


heat 


van der 
an d conduc- 


Max. 


Was s ae 


tivity 
k 


nsity 
p 


Min. 
Dorn 


“a 


Carbon monoxide. 


Oo ANN COON 


| 


mo oo 


.60 


97 


FNWWwWWNNWWNHW 


WHHOWND 
lesaeotesnsicatl 
no ours 


* Pressure 
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to6 bars = 


to8 dynes + cm? = 7 


5 cm Hg. 


TABLES 513-514. 
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TABLE 513. Cross Sections and Lengths of Some Organic Molecules. 


According to Langmuir (J. Am. Ch. Soc. 38, 2221, 1916) in solids and liquids every atom is chemically combined 


j i i i i f i lost, but in organic com- 
to adjacent atoms. In most inorganic substances the identity of the molecule is generally ; ‘ c 
aude a more permanent isteces of the molecule probably occurs. When oil spreads Ee wales evita 
to a layer a molecule thick and that the molecules are not spheres. Were they spheres a an s ae ana 
tween them and the water, they would be dissolved instead of spreading over the aa : A aes ae Aised Fanos 
—CO or —OH groups generally renders an organic substance soluble in water, whereas ne ydrocar! a ae Se 
the solubility. When an oil is placed on water the —COOH groups are attracted to the foie = ar apache 
chains repelled but attracted to each other. The process leads the oil over the surface aa all Oe ae coe 
are in contact if possible. Pure hydrocarbon oils will not spread over water. Benzole will not mix wi _ bye? ae 
a limited amount of oil is present the spreading ceases when all the water-attracted groups ae nee ee le Be 
If weight w of oil spreads over water surface A, the area covered by each molecule is AM. is vd Ae y = te ad 
ular weight of the oil (0 = 16), N, Avogadro’s constant. The vertical length of a molecule / = apN = Pp. 
where p is the oil density and a the horizontal area of the molecule. 


Cross Cross ; 
section | / i section | / in cm 
Substance. in Substance. in (length) 
cm? X 108 


x ro0l6 


Palmitic acid CisH31COOH d : Cetyl alcohol C1sH330H 


| Stearic acid Ci17HssCOOH ; Myricyl alcohol CzoHs10H 
Cerotic acid C2sHs1COOH ; Cetyl palmitate CisHs1COOCisHss - 
Oleic acid Ci7H3s COOH : Tristearin (CisH3s02)sCsHs 
Linoleic acid Ci7H3i1COOH p Trielaidin (CisH3302)3CsHs 
Linolenic acid Ci7H2s3COOH......... ; Triolein (CisHssO2)sCsHs 
Ricinoleic acid Ci7H32(0H)COOH.. . . : Castor oil (C17H32(OH) COO) 3C3Hs. 
Linseed oil (Ci7Hs1COO)sCsHs.. . . . 


OIwKOVOKO 


TABLE 514. — Size of Diffracting Units in Crystals. § 


The use of crystals for the analysis of X-rays leads to estimates of the relative sizes of molecular magnitudes. The 
diffraction phenomenon is here not a surface one, as with gratings, but one of interference of radiations reflected from 
the regularly spaced atomic units in the crystals, the units fitting into the lattice framework of the crystal. In cubical 
crystals {100 this framework is built of three mutually perpendicular equidistant planes whose distance apart in 
crystallographic parlance is dio. This method of analysis from the nature of the diffraction pattern leads also to a 
Boowleaee of the structure of the various atoms of the crystal. See Bragg and Bragg, X-rays and Crystal Structure, 
1918. 


Molecules or 
Elementary : ae . 
Crystal. difteattine elements Side of cube. atoms in unit 
cube. 
= cm 
IC cen comtracn Face-centered cube * 6.30 X 1078 4 molecules 
Na CLR eee . te 5 5-56 X 108 5 
ZS. pene ter on ny “ rm 5.46 X 10° 8 3 
Cabarete ve - S aan 5.40 X 1078 ‘s 
Re Sa heparan ef s Ca 5.26 X 1078 aS 
Hevvateticetam omen Body-centered cube 2.86 X 1078 2 atoms 
AL Sab ete ceaatnsree ake: Face-centered cube 4.05 X 1078 Pian? 
Nal oar fur Pitter alien Body-centered cube 4.30 X 1078 28 
INL arse tart tote s sh Bs 2.76 X rot 2) a 
i Face-centered cube 3.52 X ro 8 4 


* Each atom is so nearly equal in diffracting power (atomic weight) in KCI that the apparent unit diffracting element 
is a cube (simple) of § this size. Elementary body-centered cube, — atom at each corner, one in center; e.g., Fe, Ni (in 
pee a Emciay: Srey cube, — atom at es corner, one in center of each face; ee., Cu Ag Au 

, Al, Ni Gin part), etc. simple cubic lattice, — atom in each corner. -( i ia 4 tice 
EPs doek Le oe ee ret ae Double face-centered cubic or diamond lattice 

+ Diamond lattice. t Cubic-holohedral. § Cubic-pyritohedral. 

Metals taken from Hull, Phys. Rev. ro, p. 661, 1917 

{| See Table 528 for best values of calcite and rock-salt grating spaces. 
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TABLE 515. 401 
ELECTRONS, RUTHERFORD ATOM, BOHR ATOM, MAGNETIC FIELD OF ATOM. 


References: Millikan, The Electron, 1917; Science, 45, 421, 1917; Humphreys, Science, 46, 273, 1917; Lodge, 
Nature, 104, 15 and 82, 1919; Thomson, Conduction of Electricity through Gases; Campbell, Modern Electrical 
Theory; Lorentz, The Theory of Electrons; Richardson, The Electron Theory of Matter, 1914. 


Electron: an elementary + or — unit of electricity. 


Free negative electron: (corpuscle, J. J. Thomson); mass = 9.01 X 10-%8g = 1/1845 H atom, probably all of 
electrical origin due to inertia of self-induction. 

Theory shows that when speed of electron = 1/r1o velocity of light its mass should be appreciably dependent upon 
that speed. If mo be mass for small velocity v, m be the transverse mass for 2, v/(velocity of light) = 8, then m = 


mo(t — 82)2, Lorentz, Einstein; 


for B 


0.01 0.10 0.2 0.3 0.4 0.5 0.6 On 7, 0.8 0.9 
m/mo 


I.00005 I.005 I.02 1.048 I. 001 I.155 I:250 I. 400 1.667 2.204 


Wil 


(Confirmed by Bucherer, Ann. d. Phys. 1909, Wolz, Ann. d. Phys. Radium ejects electrons with 3/ro to 98/100 velocity 
of light.) m, due to charge = 2#?/3a, HE = charge, a = radius, whence radius of electron = 2 X 10718 cm = 1/50,000 
atomic radius. Cf. (radius of earth)/(radius of Neptune’s orbit) = 1/360,000. 


Positive electron: heavy, extraordinarily small, never found associated with mass less than that of H atom. If 
mass all electrical (?) radius must be 1/2000 that of the — electron. No experimental evidence as with — electron, 
since high enough speeds not available. Penetrability of atom by 8 particle (may penetrate 10,000 atomic systems 
before it happens to detach an electron) and a particles (8000 times more massive than — electron, pass through 500,000 
atoms without apparent deflection by nucleus more than 2 or 3 times) shows extreme minuteness. Upper limit: not 
larger than to” cm for Au (heavy atom) or 1018, H (light atom) (Rutherford). Cf. (radius sun)/(radius Neptune’s 
orbit) = 1/3000, but sun is larger than planets. (Hg atoms by billions may pass through thin-walled highly-evacuated 
py ae without impairing vacuum, therefore massive parts of atoms must be extremely small compared to volume 
of atom. ¢ 


Rutherford atom: number of free + charges on atomic nuclei of different elements = approximately } atomic 
weight (Rutherford, Phil. Mag. 21, torr, deflection of a particles); Barkla concluded free — electrons outside 
nucleus same in number (Phil. Mag. 21, 1911, X-ray scattering). If mass is electromagnetic, then lack of exact equiva- 
lence may be due to overlapping fields in heavy crowded atoms, a sort of packing effect; the charge on U = 02, at. wt. 
= 238.5. Moseley (Phil. Mag. 26, 1912; 27, 1914) photographed and analyzed X-ray spectra, showing their exact 
similarity in structure from element to element, differing only in frequencies, the square roots of these frequencies 
forming an arithmetical progression from element to element. Moseley’s series of increasing X-ray frequencies is with 
one or two exceptions that of increasing atomic weights, and these exceptions are less anomalous for the X-ray series 
than for the atomic-weight series. It seems plausible then that there are 92 elements (from H to U) built up by the 
addition of some electrical element. Moseley assigned successive integers to this series (see Table 531) known now as 
atomic numbers. 4 

Moseley’s discovery may be expressed in the form 


m _ Ex Az Ee 


n, Ee 3 Mh Ee 


where E is the nuclear charge and A the wave-length. Substituting for the highest frequency line of W, Az = 0.167 
< 10-8 cm (Hull), 2 = 74 = Nw, and Ei = 1, then \i = highest possible frequency by element which has one 
+ electron; \i1 = 91.4 mu. Now the H ultra-violet series highest frequency line = 91.2 mu (Lyman); i.e., this ultra- 
violet line of H is nothing but its K X-ray line. Similarly, it seems equally certain that the ordinary Balmer series of 
H (head at 365 mu) is its L X-ray series and Paschen’s infra-red series its M X-ray series. 

There may be other — electrons on the nucleus (with corresponding + charges) since they seem to be shot out 
by radioactive processes. They may serve to hold the + charges together. He, atomic,no. = 2, has 2 free -+ charges, 
at. wt. = 4; may imagine nucleus has 4 + electrons held together by 2 — electrons, with 2 — electrons outside nucleus. 
H has one + and one — electron. ” ; 

The application of Newton’s law to Moseley’s law leads to E1/E2 = a2/a1, where the a’s are the radii of the inmost 
— electronic orbits, i.e., the radii of these orbits are inversely proportional to the central charges or atomic numbers. 

(Note: When an a particle (+ charge = 2e) is emitted by a radioactive element, its atomic number decreases by 
2, the emission of a — charged particle increases its atomic number by tr.) 


Bohr atom: (Phil. Mag. 26, 1, 476, 857, 1913; 20, 332, 1915; 30, 394, 1915). The experimental facts and the law 
of circular electronic orbits limit the electrons to orbits of particular radii. When an electron is disturbed from its 
orbit, e.g., struck out by a cathode ray, or returns from space to a particular orbit, energy must be radiated. It is sug- 
gestive that the emission of a 6 ray requires a series of y ray radiations. H does not radiate unless ionized and then 
gives out a spectrum represented by Balmer’s formula y = N(1/m? — 1/n®) where v is the frequency, N, a constant, 
and m1 for all the lines in the visible spectrum has the value 2, m, the successive integers, 3, 4,5, . . -; ifm = 1 andn, 
2,3,4,-. ., Lyman’s ultra-violet series results; ifm = 3,%, 4,5,6,. . ., Paschen’s infra-red series. These considera- 
tions led Bohr to his atom and he assumed: (a) a series of circular non-radiating orbits governed as above; (b) radia- 
tion taking place only when an electron jumps from one to another of these orbits, the amount radiated and its frequency 
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TABLE 515 (continued). 
BOHR ATOM, MAGNETIC FIELD OF ATOM. 


being determined by hv = Ai — Ao, h being Planck’s constant and A: and Az the energies in the two orbits; (c) the 
various possible circular orbits, for the case of a single electron rotating around a single positive nucleus, to be eter- 
mined by T = (1/2)rhn, in which 7 is a whole number, x is the orbital frequency, and T is the kinetic energy of rotation. 

The remarkable test of this theory is not its agreement with the H series, which it was constructed to fit, but in the 
value found for V. From (a), (b), and(c) it follows that N = (27%e2H?m)/h? = 3.294 X 101%, within 1/ro per cent of 
the observed value (Science, 45, p. 327). 

The radii of the stable orbits = 72h?/472me4, or the radii bear the ratios 1, 4, 9, 16, 25. If normal H be assumed to be 
with its electron in the inmost orbit, then 2a = 1.1 X 10-8; best determination gives 2.2 X 10-8. The fact that H 
emits its characteristic radiations only when ionized favors the theory that the emission process is a settling down to 
normal condition through a series of possible intermediate states, i.e., a change of orbit is necessary for radiation. That 
in the stars there are 33 lines in the Balmer series, while in the laboratory we never get more than 12, is easily explica- 
ble from the Bohr theory. 

Bohr’s theory leads to the relationship ve —ve =vz (see X-ray tables), Rydberg-Schuster law. 

a a 
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For further development, see Sommerfeld, Ann. d. Phys. 51, 1, 1916, Paschen, Ann. d. Phys., October, 1916; 
Harkins, Recent work on the structure of the atom, J. Am. Ch. Soc. 37, p. 1396, 1915; 39, p. 856, 1916. 


Magnetic field of atom: From the Zeeman effect due to the action of a magnetic field on the radiating electron the 
strength of the atomic magnetic field comes out about ro’ gauss, 2000 times the most intense field yet obtained by an 
electromagnet. A similar result is given by the rotation of a number of electrons, A1o*, where A is the atomic 
weight; for Fe this gives 108 gauss. For other determinations, see Weiss (J. de Phys. 6, p. 661, 1907; 7, P. 249, 1908), 
Ritz (Ann. d. phys. 25, p. 660, 1908), Oxley (change of magnetic susceptibility on crystallization, Phil. Tr. Roy. Soc. 
21g, P. 95, 1915) and Merritt (fluorescence, 1915); Humphreys, ‘“‘The Magnetic Field of an Atom,” Science, 46, p. 276, 


IQL7. 
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TABLES 516-518. 403 


Note: The phenomena of Electron Emission, Photo-electric Effect and Contact (Volta) Potential treated in the 
subsequent tables are extremely sensitive to surface conditions of the metal. The most consistent observations have 
been made in high vacua with freshly cut metal surfaces. : i 


TABLE 516. Electron Emission from Hot Metals. 


Among the free electrons within a metal some may have velocities great enough to escape the surface attraction. 


The number reaching the surface with velocities above this critical velocity = N(RT/27M \aeRT where V = 
number of electrons in each cm of metal, R the gas constant (83.15 X 108 erg-dyne), 7 the absolute temperature, M 
the atomic weight of electron (.000546, O = 16), w the work done when a “gram-molecule” of electrons (6.06 X 1023 
electrons or 96,500 coulombs) escape. It seems very probable that this work is done against the attraction of the 
electron’s own induced image in the surface of the conductor. When a sufficiently high + field is applied to escaping 
electrons so that none return to the conductor, then the saturation current has been found to follow the equation 


i =aVTe?/T, 
assuming WV and w constant with the temperature; this is equivalent to the equation for m just given and is known as 
Richardson’s equation. In the following table due to Langmuir (Tr. Am. Electroch. Soc. 29, 125, 1916) iz000 = satura- 


tion current per cm? for T = 2000 K°®; @ = w/F = Rb/F = work done when electrons escape from metal in terms of 
equivalent potential difference in volts; F = Faraday constant = 96,500 coulombs. 


a 42000 
Metal. amp/cm? (volts). 


Molybdenum... cst at cede .f O€ 10% 
Carbon (untreated)...-...... — 
daisholitholes Aogenniin soemenee 1300? 
a eimrerate ovens ee eters ciestsvetegee 2400? 
aleve itcicines oars that I.25 X 107 


GARY OE DES 


* Best determined value of table, pressure less than 10-7 mm Hg. } Schlichter, rors. 


TABLE 517. Photo-electric Effect. 


A negatively charged body loses its charge under the influence of ultra-violet light because of the escape of nega- 
tive electrons freed by the absorption of the energy of the light. The light must have a wave-length shorter than some 
limiting value Xo characteristic of the metal. The emission of these electrons, unlike that from hot bodies, is independ- 
ent of the temperature. The relation between the maximum velocity v of the expelled electron and the frequency v 
of the light is (1/2)mv2 = hv — P (Einstein’s equation) where / is Planck’s constant (6.58 X 1072’ erg. sec.); vy some- 
times taken as the energy of a “quanta,” P, the work which must be done by the electron in overcoming surface forces. 
(x/2) mv? is the maximum kinetic energy the electron may have after escape. Richardson identifies the P of Einstein’s 
formula with the w of electron emission of the preceding table. The minimum frequency vo (corresponding to maxi- 
mum wave-length Ao) at which the photo-electric effect can be observed is determined by kv = P. P applies to a 
single electron, whereas w applies to one coulomb (6.062 X 10% electrons); therefore w = NP = .co3govo ergs. @ = 
(12.4 X 1075)Xo volts. See Millikan, Pr. Nat. Acad. 2, 78, 1916; Phys. Rev. 7, 355, 1916; 4, 73, 1914; Hennings, 
Phys. Rev. 4, 228, ror4. 


TABLE 518. Ionizing Potentials and Single-line Spectra. 


When electrons are accelerated through gases or vapors, especially those with small electron affinity (inert gases, 
metallic vapors) at well-defined potentials a large transfer of energy takes place between the moving electrons and 
the gas atoms. There appear to be two types of inelastic encounters under such circumstances: the first accompanied 
by the emission of a radiation of a single line at a potential called the resonance potential and satisfying the relation 
hv = eV where V is the potential fall, vy the frequency and / Planck’s constant; the second ionizes the gas (ionization 
potential), exciting the radiation of a composite spectrum. The latter potential satisfies a relation hy = eV except 
that v is now the limiting frequency of a series of lines. The following table was communicated by Tate and Foote 


(see Phil. Mag. 36, 64, 1918). 


Ionization Resonance s 


potential.* + potential.* 
Observers. 


Obs. | Comp. | Obs. 


Tate and Foote 
“ “ “ 


Foote, Rognley, Mohler 
Poe Foote and Mohler 
Tate and Foote 


DANANDAAA 


Tate, Davis, Goucher, 
others 

Tate and Mohler 

Mohler and Foote 


POBRDYHHHD 
PORN HHHD 
an DANDAAAAA 


? 
2027.56§ 


bHH 


ComputeD = 6.55 X 10°27 ERG. SEC. 


| 


Foote, Rognley, Mohler 
Mohler and Foote 


HRWOHH 


* Computed from relation Ve = hv or V = 12334/X volts; in Angstrom units. 


Computed from = 0.5308\V 107% t Limit of principal series. ~ f 
4 ie of principal series of single lines, 1.5.5. || Short wave-length line of first doublet of principal series. 
a Combination series line 1.55 — 2p2 ** First line principal series single lines 1.55 — 2P. 


SMITHSONIAN TABLES. 


404. TABLE 519. 
CONTACT (VOLTA) POTENTIALS. 


There has been considerable controversy over the reality and nature of the contact differences of potential between 
two metals. At present, due to the see of Langmuir, there is a decided tendency to believe that this Volta differ- 
ence of potential is an intrinsic property of metals closely allied to the phenomena just given in Tables 516 to 518 and 
that the discrepancies among different observers have been caused by the same disturbing surface conditions. The 
following values of the contact potentials with silver and the relative photo-sensitiveness of afew of the metals are 
from Henning, Phys. Rev. 4, 228, 1914. The values are for freshly cut surfaces in vacuo. FE reshly cut surfaces are 
more electro-positive and grow more electro-negative with age. That the observed initial velocities of emission of 
electrons from freshly cut surfaces are nearly the same for all metals suggests that the more electro-positive a metal is 
the greater the actual velocity of emission of electrons from its surface. 


Brass} Sn Zn Al Mg 


Contact potential with Ag 5 , -27 -59 -99 I.42 
Relative photo-sensitiveness 7° 80 500 I000 


From the equation w = RT log(N 4/N p), where w is the work necessary per gram-molecule when electrons pass 
through a surface barrier separating concentrations V 4 and Nz of electrons, it can be shown (Langmuir, Tr. Am. 
Eletroch. Soc. 29, 142, 1916, et seq.) that the Volta potential difference between two metals should be 


wW2— W1 


Wi — 2= - {we — wi a RT log(V 4/N p)} = ye — 2 im fort 


(see Table 517 for significance of symbols), since the number of free electrons in different metals per unit volume is so 
nearly the same that RT log (V_4/N p) may be neglected. The contact potentials may thus be calculated from photo- 
electric phenomena (see Table 517 for references). They are independent of the temperature. The following table 
gives a summary of values of @ in volts obtained from the various phenomena where an electron is torn from the attrac- 
tion of some surface. In the case of ionization potentials the work necessary to take an electron from an atom of metal 
vapor is only approximately equal to that needed to separate it from a solid metal surface. 


(a) THe ExLectron AFFINITY OF THE ELEMENTS, IN VOLTS. 


Thole: 7 
electric Photo- . Single- . 
and electric. Miscel- line Adjusted 

contact. |(Richardson) 
(Millikan.) 


Contact. |Thermionic. 
(Henning.)| Langmuir.) 


Tungsten 
Platinum 


WWW Be 
<ohee ren 
wn 


IL] loo lk es 


AUavovaibuneeeen ates one 
Aluminum 

Magnesium 

Titanium 


to Oo 
fon) 


2 


HHHNHWWWWWWAER RPP pp 


COHoORWTORBRAY OUI OHHWWwWhUN 


nn 


(6) It should not be assumed that all the emf of an electrolytic cell is contact emf. Its emf varies with the elec- 
trolyte, whereas the contact emf is an intrinsic property of a metal. There must be an emf between the two electrodes 
of such a cell dependent upon the concentration of the electrolyte used. The following table gives in its first line the 
electrode potential e, of the corresponding metals (in solutions of their salts containing normal ion concentration) on 
assumption of no contact emf at the junction of the metals. The second line, @ — €, — 3-7 Volts, gives an idea of the 


electrode potentials (arbitrary zero) exclusive of contact emf. 
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TABLES 520-521, ; 405 
IONIC MOBILITIES AND DIFFUSIONS. 


* 

The process of ionization is the removal of an electron from a neutral molecule, the molecule thus acquiring a result- 
ant -++ charge and becoming a + ion. The negative carriers in all gases at high pressures, except inert gases, consist 
for the most part of carriers with approximately the same mobilities as the + ions. The negative electrons must, 
therefore, change initially to ions by union with neutral molecules. 

The mobility, U, of an ion is its velocity in cm/sec. for an electrical field of one volt per cm. The rates of diffusion, 
D, are given in cm/sec. U = DP/Ne, where P is the pressure, V, the number of molecules per unit volume of a gas 
and e the electronic charge. 

Nature of the gas and the mobilities: (1) The mobilities are approximately proportional to the inverse sq. rts. of 
the molecular weights of the permanent gases; better yet when the proportionality is divided by the 4th root of the 


dielectric constant minus unity; (2) The ratio U + /U — seems to be greater than unity in all the more electro- 
_ Negative gases. 


Mobilities of Gaseous Mixtures: Three types: (1) Inert gases have high mobilities; small traces of electro- 
negative gases make values normal. (2) Mixed gases: lowering of mobilities is greater than would be expected from 
simple law of mixture. (3) Abnormal changes produced by addition of small quantities of electro-negative gases: 


e.g.: normal mobility U + =1.37. U —1.80 Wellisch, Pr. 
6 mm CeH;Br gave 1.37 1.80 Roy. Soc. 82A, 
6mm CoHsl “ 1-37 1.80 p. 500, 1909. 

tIomm C:H;OH “ 0.g1 Tz0 
ommC3HO “ 1,25 Toi 


Temperature Coefficient of Mobility: There is no decided change with the temperature. 
Pressure Coefficient of Mobility: Mobility varies inversely with the pressure in air from 100 to 1/10 atmosphere 


for — ion, to 1/1000, for + ion; below 1/10 atmosphere all observers agree that the negative ion im air increases 
abnormally rapidly. 


Free Electrons: In pure He, Ar, and N, the negative carriers have a high mobility and are, in part at any rate, 
free electrons; electrons become appreciable in air at ro cm pressure. 


TABLE 520. —lIonic Mobilities. 


Mobilities. Mobilities. 


Observer. 


Aan . 000273 Nitrous oxide....... 
. 000074 Kthyl alcohol... 1... 
. 000100 a CCl 

SA OHS : . 000590 SCR Be: 
.000540 Hthyl'ether! 2-00. - 
.000960 | Wellisch || Methyl bromide... . 
.00770 “Ss Ethyl formate. ..... 
.000590 | Mean Ethyl iodideyi.s..- 


HO 


. 00107 
. 00940 
.00426 
.O1550 
.00742 
.01460 
.00870 


OS 
| Jesse 


I OmMOMm 
990900000 


HOOH 
mono 


Franck, Jahr. d. Rad. u. Elek. 9, p. 2, 1912; Wellisch, Pr. Roy. Soc. 82A, p. vesuioce! The following values are 
from Yen, Pr. Nat. Acad. 4, 198. 


SOz CsHiz | CeHsO | CeHsO | CeHsCl CHsI C:oHsl 


.385 . 363 F 1.81 
-A51 .373 333 , , 1.81 
-17 I.03 : 1.00 


TABLE 521. — Diffusion Coefficients. 


The following table gives the observed and computed (D = 300UP/Ne = very nearly 0.0236U) values of the 
diffusion coefficients. The diffusion coefficients are given for some neutral molecules as actually determined for some 
ases into gases of nearly equal molecular weight. Table taken from Loeb, “The Nature of the Gaseous Ion,” J. Franklin 
nst. 184, p. 775, 1017. 


Gas diffused D + for ions. 


Gas, diffusing. into molecules. 


Computed. | Observed. 


0.706 
-739 


COz 
Ethyl acetate 
Air 


NH3 


hi1li1ge 
* 


* COz into COz. } Ethyl formate. t Estimated. 
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406 TABLES 522-524. 
COLLOIDS. 
TABLE 522. — General Properties of Colloids. 


For methods of preparing colloids, see The Physical Properties of Colloidal Solutions, Burton, 1916; for general 
properties, see Outlines of Colloidal Chemistry, J. Franklin Inst. 185, p. 1, 1918 (contains bibliography). : J 

The colloidal phase is conditioned by sufficiently fine division (x X 10-4 to 1077 cm). Colloids are suspensions (in 
gas, liquid, solid) of masses of small siae capable of indefinite suspension; suspensions in water, alcohol, benzole, glyc- 
erine, are called hydrosols, alcosols, benzosols, glycerosols, respectively. The suspended mass is called the disperse 
phase, the medium the dispersion medium. 


Smallest particle of Au observed by Zsigmody (ultramicroscope) 1.7 X to~7 cm 
s «visible in ordinary microscope about 2.5 X 105 cm. 
sd «* _‘ultramicroscope, with electric arc ts X 1077 cm. 
as a Seb te cs with direct sunlight I X 107 cm 


TABLE 523.— Molecular Weights of Colloids. 


Determined from diffusion. Determined from freezing point 


Gum arabic Glycogen (162) * 
Tannic acid (322) * Tungstic acid (250) * 
Egg albumen 
Caramel Albumose 
(Due to Graham) Ferric hydrate (107) * 
Egg albumen 
Starch (162) * 


* Formula weight. 


TABLE 524. — Brownian Movement. 


The Brownian movement is.a microscopically observed agitation of colloidal particles. It is caused by the bom- 
bardment of them by the molecules of the medium and may be used to determine the value of Avogadro’s number. 
Perrin, Chaudesaignes, Ehrenhaft and De Broglie found, respectively, 70, 64, 63 and 64 X 10” as the value of this 
constant. The following table indicates the size and the dependence of this movement on the magnitude of the particles. 


Velocity 


. Diameter . ‘ z 
Material. Saree Cai Medium. oC x 08 Observer. 
cm/sec. 


Water * Zsigmody 


“ 
“ ‘ “ 


Acetone 18 : Svedberg, 1906-9 
Water 4 t S 


Henri, 1908 
Perrin, Dabrowski, 1909. 
Chaudesaignes, 1908. 


The movement varies inversely as the size of the particles; in water, particles of diameter greater than 4u show no 
perceptible movement; when smaller than .1u,, lively movement begins, while at ro mp. the trajectories amount up to 
20mL. 
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TABLES 525-527. 
COLLOIDS. 


407 


TABLE 525. — Adsorption of Gas by Finely Divided Particles. 


Fine division means great surface per unit weight. All substances tend to adsorb gas at surface, the more the higher 
the pressure and the lower the temperature. Since different gases vary in this adsorption, fractional separation is 
possible. Pt black can absorb 100 vols. He, 800 vols. 92, Pd 3000 vols. Ha. In gas analysis Pd, heated: to roo, is used 
to remove He (higher temperature used for faster adsorption, will take more at lower temperature). Pt can dissolve 
several vols. of Hz, Pd, nearly 1oo at ordinary temperatures; but it seems probable that the bulk of the 100 vols. of 
‘He taken by Pt and the 3000 by Pd must be adsorbed. In 1848 Rose found the density 21 to 22 for Pt foil, but 26 for 
precipitated Pt. 

The film of adsorbed air entirely changes the behavior of very small particles. They flow like a liquid (cf. fog). 
‘With substances like carbon black as little as 5 per cent of the bulk is C; a liter of C black may contain 2.5 liters of 
air. Mitscherlich calculated that when COe at atmospheric pressure, 12° C, is adsorbed by boxwood charcoal, it occu- 
pies 1/56 original vol. Apparent densities of gases adsorbed at low temperatures by cocoanut charcoal are of the same 
erder (sometimes greater) as liquids. . 


Cm$ of Gas Adsorbed by a Cm3 of Synthetic Charcoal (corrected to o® C, 76 cm?) (Hemperl and Vater). 


C:He 


41.7 
174.3 


IIQ.I 
275-5 


Ne 


Oz 


304.5 


337.8 


Cm? of Gas Adsorbed by a Cm? of Cocoanut Charcoal (corrected to 0° C, 76 cm) (Dewar). 


CO 


18 


230 


See Langmuir, J. Am. Ch. Soc. 40, 1361, 1918; Richardson, 39, 1829, 1916. 
TABLE 526. — Heats of Adsorption. 


Adsorber. 


alcohol. 


Carbon 
disulphide.| } 


Carbon 
tetra- 
chloride. 


Bone charcoal *...... 


Fuller’s earth f...... 


Fuller's earth *.......{57 1] 30.2 


ERO Toons earning sates 78.8 


18 


HOR a 


: H 
DOW 


ix) 
nPPON 


* Small calories liberated when 1 g of the adsorbent is added to a relatively large quantity of the liquid. 
+ Volume adsorped from saturated vapor by 1 g of fuller’s earth. 
Gurvich, J. Russ. Phys. Ch. Soc. 47, 805, 1915. 


TABLE 527.— Molecular Heats of Adsorption and Liquefaction (Favre). 


Molecular heats of Molecular heats of 
Adsorber. Gas. . Adsorber. Gas. fan, 
adsorption. ee : adsorption. pe 
Platinum... He 46200 — Charcoal...... SO2 IO0000—-10900 5600 
Paladiumi. .- He 18000 = . HCl 9200-10209 (3600) 
(@harcoaleenenin NHs 5900-8500 (5000) ne HBr 15200-15800 (4000) 
eee neers! CO? 6800-7800 6250 HI 21000-23000 (4400) 
- Beet NGO) 7100-10900 4400 
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TABLE 528. — Miscellaneous Constants (Atomic, Molecular, etc.). . 
Elementary electrical charge, charge on electron.................--2+22+-+-++5 = 4.774 X 10719 ssu (M) 
& Charpe ‘on, G@) Particles. cic ara stearic See eee Siars Oe ds ioteae ais iclolere seen ee lees =1.591 X 107? emu 
= 1.591 X 107-9 coulomb 
IV ASS OF AH CLCCET ON. Se oo eae tn ee ae ie Oe eG Sie in aE pir ata al oO =9.01 X10 3g 
Radius of an. electrons 40sec seo ot See ea oe ee eee ut 2 X 10 8 cm 


ce 


Ratio e/m, small velocities 66 X ro? emu. g! 


Number of molecules per gram molecule or per gram molecular weight (Avogadro 


SOBSEARU) See eee eee ee ee ee ee eKits a Site acetal oe = 6.062 X 103 (M) 
Number of gas molecules per cm’, 76 cm, o° C (Loschmidt’s number)........... nm = 2.705 X 10 (M) 
Number of gas molecules per cm’, 0° C at 1 X To® ars oes cigs ine Ste oe ioe 2.670 X 1089 
Kinetic'energy of translation of a. moleculeiatio? Co. i... 2. ace soe aieierenie © mn epee Eo = 5.621 X 10714 erg (M) 
Constant of molecular energy, Eo/T = change of translational energy per °C... € = 2.058 X 10-16 erg/° C (M) 
Mass’oL hydroren atom cpu nme ese he Cre mee ls ae Nias iste cee ale oe = 1.662 X 10% g (M) 
Radiusiofihydrogen moleculeaboul 0. oe on coe sce ones Jere oslo ciseie es eller 10-8 cm 
iIMeanitree;path, ditto, 76; Gi oy Csaboul |. ce waco. a cskltie <c c= < male atrmicis Sreeree te 0 Xt 10-5 cm/sec. 
OGurts Mean SG. Velocity» Gicton yO CMO° Gn. ws cee eevee oie level aces aislcoiaielts slmaeerens G = 1.84 X 105 cm/sec. 
Arithmetical average velocity, ditto, 76 cm, o° Cc res Ace a ET A Q = 1.70 X 10° cm/sec. 
Average distance apart of molecules, OCC. ©. CN ce eee chee aes oe ee = 3 >< 5O-* cm 
Boltzmann gas constant = constant of entropy equation = R/N = poVo/TN = 

BCS ie eas so craton ra wie e ists oud ciate tetas ose ne Meine Wis sit oii seen eae k = 1.372 X 1076 erg/° C 
Volume per mol(e) or gram-molecular weight of ideal gas, 76 cm, 0° C (1.01323 X 

TOStbars Ue sehen tes oteie sete Meee eee ose en eh osies Jotinc hc Seca eS = 22.412 liters 
Ditto KsoX< Toe harsno sng CM Hence csc wes Pees ete ele orm Re sels Saeeeeee = 22.708 liters 
Gas constant: PVm = RT, Vm = vol. molec. wt. in g when P in g/cm?, Vm incm? R = 84.780 g-cm/° C 

whens?” In: atmospHeres™ Van i LILeLSee ete aos eo nani 'e siaise sie: aetna eee R = 0.08204 J-atm/° C 

WHEN L:3n: GyNESs Vath CMe a ee ole reis ic anes Giese SCR eieisiaivre sDivis cRiow ee SSeS R = 8.315 X 10? ergs/° C 
Absolute:zero:—07 Kelvin osepe cece % scion cence sa eaten su sag rede e eee ied = —273.13° € 
1 bar = 108 dynes/cm? = 1.013 kg/cm? LA eA tin a eS tne ae = 0.987 atmosphere 
Mechanical equivalent of heat;3 g (20°C) cal- =o)... feaac ce eeieet> omer ee nema = 4.184 X to! ergs 

= 4.184 Joules 

Pataday, Constant. costs ae oe es cels cas eee Ee Bee ie Wee ee eee SOUR PEERS F = 96494 coulombs 
Velocity; Ob LIERE An VACUO). ce fe wok arch rercraere setae ale <1 e CL te CNee e c¢ = 2.99860 X 10! cm/sec. 
PlanckshelementOl AC tiOn ss one eee ee ee te oleae eae eee h = 6.547 X 1077 erg. sec. (M) 
Rydbere’s' fundamental frequency-2+ 46.040} cnc eee eos eae ae ae Vo = 3.28880 X 10} sec. + 
Rydberg’ s Constant, V0/G,..c0c 6 one ee cleans PO Uae saan eet eee Eee N = 100678.7 
Wien’s constant of spectral TACIAGION So 20.0 notes HS Csiro eater ere c2 = 1.4312 for A in cm (M) 
Stefan-Boltzmann constant of total radiation................2....2..0eeeee eee o =5.72 X 10°” watt/cm? (M) 
Grating space-in Calcite ei oie te cass cen itcse ce esis oa mate ine Ors ae esol eee d = 3.030 A 
Gratne)space im. rock-salt/(Ubler; Cooksey). occ 2 a-ak eo 0 owes eee ae = 2.814 X 10 8 cm 
Potential difference in volts for X-rays of wave-length A incm = VA = fic/e..... = 1.241 X 1074 volt. cm 


Reference: (M) Millikan, Phil. Mag, 34, 1, 1917. 


TABLE 529. — Radiation Wave-length Limits. 


Hertzen WAVES MON ZEstccelemieemia ater Cle Calin se ce eee ee eee cere eee 
‘** shortest 

Infra-red, longest, restrahlung, focal-isolation 

inira-redmspectroscopically studied «cman Weerrsak «nace eee eee cate Seen eee 

Visible, longest Sete tta eee eT tis TaMlevage OA Soajesw, Cle aid, Alaa BRR ee OE On De FeO eee 

SHOLEESE Mya Seer. Gay cver one ttore cle crcceitave mete see 
Wiltra=violetsibyman’ shoriest*iance sass wane eee. ee oi 
X-rays, longest sate Vsti pea: 2 FSR aS E aie Chere Sr Nia tea Bea a Se en 


7 rays, TON SESE Seen. cic tree Re See nett ete NeE n e chin toh ake Te nee ate ep ne eee a 
BROELESER Se claret asec MOT See eC RIOR Ssh a FS SOUR atte AE eh Sanat ee erent ae 


* 9.000 0032 cm (Millikan-Sawyer, 1919) 
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TABLES 530-531. 


TABLE 530. — Periodic System of the Elements. 
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TABLE 531. — Atomic Numbers.* 


1 Hydrogen 20 Calcium 

2 Helium 2i Scandium 
3 Lithium 22 Titanium 
4 Beryllium 23 Vanadium 
5 Boron 24 Chromium 
6 Carbon 25 Manganese 
4 Nitrogen 26 Iron 

8 Oxygen 27 Cobalt 

9 Fluorine 28 Nickel 

to Neon 29 Copper 

rr Sodium 30 Zinc 

12 Magnesium 31 Gallium 
13 Aluminum 32 Germanium 
14 Silicon 33 Arsenic 

15 Phosphorus 34 Selenium 
16 Sulphur 35 Bromine 
17 Chlorine 36 Krypton 
18 Argon 37 Rubidium 
19 Potassium 38 Strontium 


* Quoted from Millikan’s The Electron, 1917. 
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Yttrium 
Zirconium 
Niobium ¢ 
Molybdenum 


Ruthenium 
Rhodium 


Antimony 
Tellurium 
Iodine 
Xenon 
Caesium 
Barium 
Lanthanum 


+ Glucinium. 


Cerium 
Praesodymium 
Neodymium 


Samarium 
Europium 
Gadolinium 
Terbium 
Dysprosium 
Holmium 
Erbium 
Thulium 
Ytterbium 
Lutecium 


Tantalum 
Tungsten 


RO. -@ Oxides. | 


— iy Hydrides. 


76 Osmium 
77 Iridium 

78 Platinum 
79 Gold 

80 Mercury 
8x Thalium 
82 Lead 

83 Bismuth 
84 Polonium 
85 

86 Emanation 
87 

88 Radium 
89 Actinium 
90 Thorium 
ot Uranium X2 
92 Uranium 


¢ Columbium. 


410 : _ TABLE 532. 
“PERODIC SYSTEM AND THE RADIOACTIVE ISOTOPES.* 


6A oA O 1A 2A 3A 


Non-metals. Inert-gases. Light-metals. 

8 86 87 88 89 

55 

‘Cs 
37 

Rb 
19 
K 


EE 
Na 


Heavy metals. 


26 27 28 
Fe Co Ni 


44 45 46 
Ru) Rie ed 


Gay 650 60, 7 67, 
Gd Tb Dy Ho 


ONT Tan 
Os ir Bt 


Radioactive isotopes. 
(Tl) (Pb) (Bi) G2) Ce) (Ra) (Ac) (Th) (Bv) (U) 
81 82 83 84 85 86 88 89 90 fobs 92 


oe) 
87 


« Indicates the loss of an alpha particle (producing He); the element becomes m -positi : 
weight cecees by A, payin Sista See ua oe left. x ore electro-positive and the atoniic 
Indicates beta radiation (loss of electron); e element becomes more electro- ive. : i : ‘ 
the ae position ates ae ele to the right ond up. tro-negalive, stomiccwelght nemiates 
Isotopes of an element have the same valency and the same chemical properties ility, r ivi 
though thee atomic weights may differ. The isotopes of Bi are, e.g., RaE, The. per ses | POCTNY 9 Ea 
In the upper half of the table are the elements possessing high electro-potential, simple spectra, colorless ions. The 
properties are analogous in the vertical direction (groups). In the /ower half are the elements with low electro-poten- 
tial, complex spectra, colored ions and tending to form complex double salts, the general properties of the lenecel 
being more pronounced in the horizontal direction (periods). 
On the Jeft side of the table are the electro-negative elements, those of the upper half forming strong acids, those 
of the lower half weak oxyacids. 3 
On the right side of the table are the electro-positive elements, forming bases, oxysalts, sulfides, ete 
The center of the lower half is occupied by the amphoteric elements forming weak acids and bases, many com lex 
com paved gad double ae, many saeUU Re aus mostly colored compounds. ; =A cS 
very striking point, however, is, as already mentioned, that the similarity among the eleme i i 
in the vertical direction, and in the lower half in the horizontal direction. This justiies eos potatoes 
group-relation and period-relation. p 
* Table adapted trom Hackh, J. Am. Chem. Soc. 40, 1023, 1918, Phys. Rev. 13, 169, 1910. 
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ASTRONOMICAL DATA. 
TABLE 533. — Stellar Spectra and Related Characteristics. 


The spectra of almost all the stars can be arranged in a continuous sequence, the various types connected in a series 
of imperceptible gradations. With one unimportant exception, the sequence is linear, the transition between two given 
types always involving the same intermediate steps. According to the now generally adopted Harvard system of 
classification, certain principal types of spectrum are designated by letters, —O, B, A, F, G, K, M, R and N, — and 
the intermediate types by suffixed numbers. A spectrum halfway between classes B and A is denoted Bs, while those 
differing slightly from Class A in the direction of Class B are called B8 or Bo. Yn Classes M and O the notation Ma, 
Mb, Mc, etc., is employed. Classes R and N apparently form a side chain branching from the main series near Class K. 

The colors of the stars, the degree to which they are concentrated into the region of the sky, including the Milk 
Way, and the average magnitudes of their peculiar velocities in space, referred to the center of gravity of the naked- ° 
eye stars as a whole, all show important correlations with the spectral type. In the case of colors, the correlation is 
so close as to indicate that both spectrum and color depend almost entirely on the surface temperature of the stars. . 
The correlation in the other two cases, though statistically important, is by no means as close. : 

Examples of all classes from O to M are found among the bright stars. The brightest star of Class N is of magni- 
tude 5.3; the brightest of Class R, 7.0. 


TABLE 534.— The Harvard Spectral Classification. 


Number Per cent Effective Mean 


Principal spectral lines brighter in surface peculiar 


Class. (dark unless otherwise Example. 


stated) than 6.25,} galactic temperature,|. velocity, 
M region. K 


Bright H_ lines, bright 

spark lines of He, N,O,C 
H, He, spark lines of N 

and O, a few spark lines 

of metals € Orionis 
H series very strong, spark 

lines of metals Sirius 
H lines fainter. Spark and 

arc lines of metals......] Canopus 
Arc lines of metals, spark 

lines very faint The sun 
Arc lines of metals, spec- 

trum faint in violet.....| Arcturus 
Bands of TiOz, flame and 

arc lines of metals Antares 
Bands of carbon, flame and BoD: 

arc lines of metals —10° 5057 
Bands of carbon, bright 

lines, very little violet 

light 19 Piscium 


Compiled mainly from the Harvard Annals. Temperatures based on the work of Wilsing and Scheiner. Radial 
velocities from Campbell. Data for classes R and N from Curtis and Rufus. The color indices are the differences of 
the visual and photographic magnitudes. Negative values indicate bluish white stars; large positive values, red stars. 
The peculiar velocities are in the radial direction (towards or from the sun). The average velocities in space should 
be twice as great. ; t f ’ 

The “galactic region” here means the zone between galactic latitudes + 30°, and including half the area of the 
heavens. 

96% of the stars of known spectra belong to classes A, F, G, K, 99.7% including B and M (Innes, rorg). 


TABLE 535. — Apex and Velocity of Solar Motion. 


Velocity, J ’ 
km/sec. Method. é Authority. 


Proper motions Boss, Astron. J. 614, 1910 
Radial velocities Campbell, Lick Bull. 196, ror 
ty ce Strémberg, Astrophys. J. 1918. 
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ASTRONOMICAL DATA. 
TABLE 536. 


The individual stars are moving in all directions, but, for the average of considerable groups, there is evidence of a 
drift away from the point in the heavens towards which the sun is moving (solar apex). The best determinations of 
the solar motion, relative to the stars asa whole, are given in Table 535. In round numbers this motion of the sun 
may be taken as 20 km/sec. towards the point R. A. 18h. om., Dec +30.0°. ; 

After allowance is made for the solar motion, the motions of the stars in space, relative to the general mean, present 
marked peculiarities. If from an arbitrary origin a series of vectors are drawn, reas the velocities of the various 
stars, the ends of these vectors do not form a spherical cluster (as would occur if the motions of the stars were at Tan- 
dom), but a decidedly elongated cluster, whose form can be approximately represented either by the superposition of 
two intermingling spherical clusters with different centers (Kapteyn’s two-stream hypothesis) or by a single ellipsoidal 
cluster (Schwarzschild), the actual form, however, being more complicated than is indicated by either of these hy- 
potheses. The direction of the longest axis of the cluster is known as that of preferential motion. The two opposite 
points in the heavens at the extremities of this axis are called the vertices. _ The components of velocity of the stars 
parallel to this axis average considerably larger than those parallel to any axis perpendicular to it. 

The preferential motion varies greatly with spectral type, being practically absent in Class B, very strong in Class 
A, and somewhat less conspicuous in Classes F to M, on account of the greater mean velocities of these stars in all 
directions. The positions of the vertices are nearly the same for all. k ae 

Numerous investigators, from the more distant naked-eye stars, find substantially the same position for the 
vertex, the mean being R. A. 6h, 6m., Dec. +9°. The nearer stars, of large proper motion, give a mean of 6h. 12m., 
-+25°. (See Strémberg’s discussion, cited above.) 

Tn addition to these general phenomena, there are numerous clusters of stars whose members possess almost exactly 
equal and parallel motions, — for example, the Pleiades, the Hyades, and certain large groups in Ursa Major, Scorpius, 
and Orion. The vertices, and the directions toward which these clusters are moving, are all in the plane of the galaxy. 

Several faint stars are known which have radial velocities between 300 and 350 km/sec. (e.g. A. G. Berlin 1366 R.A. 
Ig00 = 4h 8m 6, Dec. t900 = +22.7°, mag. 8.9 velocity of recession 339 km/sec.), and it is probable that the actual 
velocity in space exceeds 500 km/sec. for some of these. 

The oth magnitude star A. G. Berlin 1366 has a radial velocity of 494 km/sec. : A 

The greatest known proper motion is that of Barnard’s star of the ninth magnitude in Ophiuchus, 10.3” per year, 
Position angle 356°. The parallax of this star is 0.52”, and its radial velocity about —100 km/sec. 

The average radial velocity of the globular clusters is 100 km/sec. and that of the spiral nebulae 400 km. The 
globular clusters as a class are approaching the sun. The spiral nebulae, with a few exceptions, are are The 
greatest individual values are —410 km for the cluster N. G. C. 6934 and +1100 km for the nebula N. G. C. 1068. 

Average velocities with regard to center of gravity of the stellar system, according to Campbell (Stellar Motion, 


IQI3): 


Motions of the Stars. 


Type B Stars: 6.6 km per sec. Type G Stars: 15.0 km. per sec. 
73 IN “ce 10.9 “ “ oe “ K ae One “ oe “ 
“e F “ce 14.4 ics (<3 (73 “ M “ iy pe rd “ ce “ 


For radial velocities of 119 stars see Astrophysical Journal, 48, p. 261, 1918. 


TABLE 537.— Distances of the Stars. 


Distances. Parsecs.* Light years. 


Alpha Centauri (nearest star) 
Barnard’s Star 


" Ouwo 


The Hyades 

Nebula of Orion (Kapteyn) 

Globular Clusters (Shapley): 
Centauri (nearest) 

N. G. C. 7006 (farthest) 


* Parsec = 206,265 astronomical units = 3.08 X 10! km = 3.26 light years. x astronomical unit = distance sun 
to earth. 

Practically all the stars visible to the naked eye lie within tooo parsecs of the sun, and most of them are more than 
roo parsecs distant. In the vicinity of the sun, the majority of the stars lie within two or three hundred parsecs of the 
galactic plane; but along this plane the star-filled region extends far beyond tooo parsecs in all directions, and 
may reach 30,000 parsecs in the great southern star clouds (Shapley). 

Average parallax 6 planetary nebulae, 0.018” (van Maanen, Pr. Nat. Acad. 4, p. 304, To18). 
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TABLES 538-539. 4¥3 
ASTRONOMICAL DATA. ee 


TABLE 538.—Brightness of the Stars. 


Stellar magnitudes give the apparent brightness of the stars on a logarithmic scale, — a numerical increase of one 
magnitude corresponding to a decrease of the common logarithm of the light by 0.400, and a change of five magnitudes 
to a factor of 100. The brightest objects have negative stellar magnitudes. The visual magnitude of the Sun is —26.7; 
of the mean full Moon, —12.5; of Venus at her brightest, —4.3; of Jupiter, at opposition, —2.3; of Sirius, —1.6; of 
Vega, +0.2; of Polaris, +2.1. (The stellar magnitude of a standard candle x m distant is —14.18.) The faintest stars 
visible with the naked eye on a clear dark night are of about the sixth magnitude (though a single luminous point as 
faint as the eighth magnitude can be seen on a perfectly black background). The faintest stars visible with a telescope 
of aperture A in. are approximately of magnitude 9 + 5 logio A. The faintest photographed with the 60-inch reflector 
at Mt. Wilson are of about the 21st magnitude. A standard candle, of the same color as the stars, would appear of 
magnitude +-o0.8 at a distance of one kilometer. 

The actual luminosity of a star is expressed by means of its absolute magnitude, which (Kapteyn’s definition) is 
the stellar magnitude which the star would appear to have if placed at a distance of ten parsecs. The absolute mag- 
nitude of the sun is +4.8 (equal to that of a2 Centauri); of Sirius is +-1.3;/of Arcturus, —o.4. The faintest star at 
present known (Innes), a distant companion to a Centauri, has the (visual) absolute magnitude ++r5.4, and a luminosity 
0.00006 that of the sun. The brightest so far definitely measured, @ Orionis, has (Kapteyn) the abs. mag. —5.5 and 
a luminosity 13,009 times the sun’s. Canopus, and some other stars, may be still brighter. 

Intrinsic brightness of sun’s surface = 57,000 candles per cm? of surface. (Abbot-Fowle, 1920) 

The absolute magnitudes of 6 planetary nebulae average 9.1; average diameter, 4000 astronomical units (Solar 
system to Neptune = 60 astr. units), van Maanen, Pr. Nat. Acad. 4, p. 394, 1918. 


Giant and Dwarf Stars. 


The stars of Class B are all bright, and nearly all above the absolute magnitude zero. Stars of comparable bright- 
ness occur in all the other spectral classes, but the inferior limit of brightness diminishes steadily for the “later” or 
redder types. The distribution of absolute magnitudes conforms to the superposition of two series, in each of which 
the individual stars of each spectral class range through one or two magnitudes on each side of the mean absolute 
magnitude. In one, — the “giant stars,’? — this mean brightness is nearly the same for all spectral classes, and not 
far from absolute magnitude zero. In the other, — the “dwarf stars,’’ — it diminishes steadily from about abs. mag. 
—2 for Class Bo to +10 for Class M. The two series overlap in Classes A and F, are fairly well separated in Class K, 
and sharply so in Class M. Two very faint stars of Classes A and F fall into neither series. 

The majority of the stars visible to the naked eye are giants, since these, being brighter, can be seen at much greater 
distances. The greatest percentage of dwarf stars among those visible to the eye is found in Classes F and G. The 
dwarf stars of Classes K and M are actually much more numerous per unit of volume, but are so faint that few of the 
former, and none of the latter, are visible to the naked eye. 

Adams and Stromberg have shown that the mean peculiar velocities of the giant stars are all small, — increasing 
only from about 6 km/sec. for Class B to 12 for Class M, — while those of the dwarf stars are much greater, increas- 
ing within each spectral class by about 1.5 km per unit of absolute magnitude, and reaching fully 30 km for stars of 
Class M and abs. mag. 10. Both giant and dwarf stars show the phenomenon of preferential motion. 


TABLE 539.— Masses and Densities. 


The stars differ much less in mass than in any other characteristic. The greatest definitely determined mass is 
that of the brighter component of the spectroscopic binary B Scorpii, which is of 13 times the sun’s mass, 400 times 
its luminosity, and spectrum Br. The smallest known mass is that of the faint component of the visual binary Krueger 
60, whose mass is 0.15, and luminosity 0.0004 of the sun’s, and spectrum M. 

The giant stars are in general more massive than the dwarfs. According to Russell (Publ. Astron. Soc. America, 
3, 327, 1917) the mean values are: 


Mass of 
Spectrum, Bisse, cesten. Spectrum. Mass. 
B2 324 Sun F2 dwarf 3.0 X Sun 
Ajo 6.5 cs Goma I.2 te 
Fs giant 8 & Kesine ie 0.9 “ 
Ks “ Io “ 


The densities of stars can be determined only if they are eclipsing variables. It appears that the stars of Classes 
B and A have densities averaging about one tenth that of the sun and showing a relatively small range about this value, 
while those of Classes F to K show a wide range in density, from 1.8 times that of the sun (W Urs. Maj.) to 0.000002 

W Crucis). 

: The ae brightness of the stars probably diminishes by at least one magnitude for each step along the Harvard 
scale from B to M. It follows that the dwarf stars are, in general, closely comparable with the sun in diameter, while 
the stars of Classes B and A, though larger, rarely exceed ten times the sun’s diameter. The redder giant stars, how- 
ever, must be much larger, and a few, such as Antares, may have diameters exceeding that of the earth’s orbit. The 
densities of these stars must be exceedingly low. } ‘ : 

If arranged in order of increasing density, the giant and dwarf stars form a single sequence starting with the giant 
stars of Class M, proceeding up that series to Class B, and then down the dwarf series to Class M. | It is believed by 
Russell and others that this sequence indicates the order of stellar evolution, —a star at first rising in temperature as 
it contracts and then cooling off again. The older theory, however, regards the evolutionary sequence as proceeding 
in all cases from Class B to Class M. 
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MISCELLANEOUS ASTRONOMICAL DATA. 


365. 24219879 — 0.0000000614 (¢ — 1900) }days 


| roi (ordinary) year { 

{365 25636042 + 0.0000000011 (¢ — 1900) } days 
{ 
{ 


Sidereal year 
' Anomalistic year 
Eclipse year 


365 . 25964134 + 0.0000000304 (t — 1900) } days 
346.620000 + 0.00000036 (t — 1900) }days 


Hou du 


{ 29. 530588102 — 0.00000000294 (f — 1900) }days 
{ 27. 321660890 — 0.00000000252 (¢ — 1900) } days 


Synodical (ordinary) month 
Sidereal month 


oll 


Sidereal day (ordinary, two successive transits 
of vernal equinox, might be called equinoctial 
day) = 86164.09054 mean solar seconds | 
= 23h. 56 m. 4.09054 mean solar time 
Sidereal day (two successive transits of same 
fixed star) = 86164.09966 mean solar seconds 


1920, Julian Period = 6633 
January 1, 1920, Julian-day number = 2422325 


Solar parallax = 8.7958” + 0.002” (Weinberg) 
8.807 + 0.0027 (Hincks, Eros) 
8.799 (Sampson, Jupiter satellites; Harvard observations) 
8.80 Paris conference 

Lunar parallax = 3422.63” = 57’ 2.63” (Newcomb) 


Mean distance earth tosun = 149500000 kilometers = 92900000 miles 
Mean distance earth to moon = 60. 2678 terrestrial radii 
= 384411 kilometers = 238862 miles 
Light traverses mean radius of earth’s orbit in 498.580 seconds 
Velocity of light (fhean value) in vacuo, 299860 kilometers/sec. (Michelson-Newcomb) 
= 186324 statute miles/sec. 
Constant of aberration = 20.4874” + 0.005” 
20.47 Paris conference (work of Doolittle and others 
indicates value not less than 20. 57) 

Light year = 9.5 X 10! kilometers = 5.9 X 10!” miles 
Parsec, distance star whose parallax is 1 sec. = 31 X 10” km = 19.2 X 10! m\ * 
General precession 50. 2564” + 0.000222 (¢ — 1900)” (Newcomb) 
Obliquity of ecliptic 23° 27’ 8.26” — 0.4684 (# — 1900)” (Newcomb) 
Constant of nutation 9.21” (Paris conference) 
Gravitation constant 666.07 X 10°19 cm3/g sec? + 0.16 X 1010 
Eccentricity earth’s orbit € = 0.01675104 — 0.0000004180 (¢ — 1900) — 

©.0000000000126 (¢ — I1g00)? 

0.05490056 (Brown) 

5° 8’ 43.5” (Brown) 
.04488716 (Brown) 

6.454” 

124.785” (Brown) 


LSU a ae a 


Eccentricity moon’s orbit 
Inclination moon’s orbit 
Delaunay’s y = sin $I 
Lunar inequality of earth 
Parallactic inequality moon 
Mean sidereal motion of 
moon’s node in 365.25 days 
Pole of Milky Way SIRS IN a Ins ZI eS IDYAOS. Sea se 


eu a ae ay 


SMITHSONIAN TABLES. 


TABLES 541-542. 415 
ASTRONOMICAL DATA.. 


TABLE 541. — The First-magnitude Stars. 


Annual 


proper 
ee n, Parallax. mag. 


Radial 
Abs. ety 


HOUR WH QAKH 


Spica 
8B Centauri Tt... 
Arc 


HHOOHOOOHHHHHOH OOS 
WWOHNWNONUHANUDO: 

HOO AW OH WOO OON HTN CON W ¢ 
O00DOWHNOODDDOHHOOOOOOD 


* Visual binary. + Spectroscopic binary. t Pair with common proper motion. 

§ Wide pair probably optical. 

Mass relative to sun of (7) is 3.1; of (8), 1.5; of (16), 2.0. For description of types, see Table 534 or Annals of 
Harvard College Observatory, 28, p. 146, or more concisely 56, p. 66, and o1, p.5. The light ratio between successive 
stellar magnitudes is ~/1oo or the number whose logarithm is 0.4000, Viz., 2.512. The absolute magnitude of a star 
is its magnitude reduced to a distance corresponding to 0.1” parallax. 


TABLE 542.— Wolf’s Observed Sun-spot Numbers. Annual Means. 


Sun-spot number = &(10 X number of groups and single spots observed + total number of spots in groups and 
single spots). & depends on condition of observation and telescope, equaling unity for Wolf with 3-in. telescope and 
power of 64. Wolf’s numbers are closely proportional to spotted area on sun. Ico corresponds to about 1/500 of 
visible disk covered (umbras and penumbras). Periodicity: mean, 11.13, extremes, 7.3 and .17.1 years. Monthly 
Weather Review, 30, p. 171, 1902; monthly means, revised, 1749-1901; see A. Wolfer in Astronomische Mitteilungen 
and Zeitschrift fiir Meteorologie, daily and monthly values. . 


Note: The sun’s apparent magnitude is —26.5, sending the earth 90,000,000,000 times as much light as the star 
Aldebaran. Its absolute magnitude is +4.8. 


Ratio of total radiation of sun to that of moon about 100,000 to 1 Tancle 
“ rT ‘6 light copenccun Nee “ “ 6 c 400,000 tor gley 
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GEODETICAL AND ASTRONOMICAL TABLES. 
TABLE 543,—Length of Degrees on the Earth’s Surface. 


Miles per degree Km. per degree Miles per degree . Km. per degree 


of Long. of Lat. "| of Long. of Lat. of Long. of Lat. 


LII.32 110.57 39-77 69.17 64.00 IIT.33 
109.64 110.60 34.67 69.23 55-90 III.42 
104.65 110.70 29.32 69.28 47.18 III.50 

96.49 110.85 23.73 69.32 38.19 111.57 
| 85.40 III.03 17.96 69.36 28.90 III.62 
7385 TII.13 12.05 69.39 19.39 111.67 
71.70 III.23 0.00 69.41 0.00 III.70 


For more complete table see ‘‘ Smithsonian Geographical Tables,”? 


TABLE 544,—Equation of Time. 


The equation of time when -+ is to be added to the apparent solar time to give mean time. 
When the place is not on a standard meridian (75 th, etc.) its difference in longitude in time 
from that meridian must be subtracted when east, added when west to get standard time (75 th 
meridian time, etc.). The equation varies from year to year cyclically, and the figure following 
the -+- sign gives a rough idea of this variation. 


b& RU 
CO CO1O & CON 
HHH a 
BW eOUN 
Oo O® t OC 


eal 


MARAE 2 


2 TABLE 545.—Planetary Data. 


Hh 

Mean distance| Sidereal |Equatorial G i 
iS a Fe oy tse ravit 

from the sun. period. diameter. |!2¢lination : at f 


Mean days. Km. OF OF Bis We EO surface. 


Reciprocals 
Body. of masses. 


Msaerey | oats ee 


| 6000000. t : 87.97 4842 | 7°. 
Venus 408000. 244.70 I2IQI 


OO 0 
(o) 


Earth * 329390. : 305 .26 12757 
Mars 3093500. 228 “ 686.98 6784 
Jupiter 1047.35 4332.59 | 142745 
Saturn 3501.6 26 * 10759.20 | 120708 
Uranus 22869. 2 : 30685 .93 49603 
Neptune 19700. i 60187 .64. 52999 | 
Moon | 781.45 3 PPS GHA | 3476 | 


HOU HoH 
Aisin Ceres 


CHHHNOHOO HW 
HOOnNA 


WHE 
aCe ene mrS 
. 
N 


*Earth and moon. }Relative to earth, Inclination of axes: Sun 7°.25; 9 S 
I ) t arth, e : -25; Earth 23°.45; Mars 24°.6: 
Jupiter 3°.1; Saturn 26°.8; Neptune 27°.2. Others doubtful. Approximate rates 9f Sevan: Sun zsid: 
Moon 273d; Mercury 88d; Venus 225d; Mars 242 37™; Jupiter 9%55™; Saturn rok 4m, " 
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ASTRONOMICAL DATA. 


TABLE 546.— Numbers and Equivalent Light of the Stars. 


The total of starlight is a sensible but very small amount. This table, taken from a paper by Chapman, shows 
that up to the 2zoth magnitude the total light emitted is equivalent to 687 1st-magnitude stars, equal to about the 
hundredth part of full moonlight. If all the remaining stars are included, following the formula, the equivalent addi- 
tion would be only three more 1st-magnitude stars. The summation leaves off at a point where each additional magni- 
tude is adding more stars than the last. But, according to the formula, between the 23d and 24th magnitudes there 
is a turning point, after which each new magnitude adds less than before. The actual counts have been carried so 
near this turning point that there is no reasonable doubt of its existence. Given its existence, the number of stars is 
probably finite, a conclusion open to very little doubt. All the indications of the earlier terms must be misleading if 
ue margin Ge zr and 2 thousand millions is not enough to cover the whole. (Census of the Sky, Sampson, Observ- 
atory, rors. 


— 


Equivalent ; Equivalent 


5 number | Totals to . number | Totals to 
pe ererUCe magnitude: Magnitude, 


Number. of 1st- |magnitude, 
magnitude m 
stars. 


.O-10. 
a Carine .O-I1. 
.|a Centauri .O-12. 961,000 
8 .O-13. 2,020,000 
27 0-54; 3,960,000 
73 .O-I5. 7,820,000 
189 .O-16. 14,040,000 
650 .O-17. 25,400,000 
2,200 .o-18. 38,400,000 
6,600 .O-I9. 54,000,000 
22,550 IQ.0-20 76,000,000 
65,000 All stars _ 


IAMURWNHO 


000000000000 


i 


TABLE 547.— Albedos. 


The albedo, according to Bond, is defined as follows: ‘Let a sphere S be exposed to parallel light. Then its Albedo 
is the ratio of the whole amount reflected from S to the whole amount of light incident on it.”’ In the following table, 
m = the stellar magnitude at mean opposition; g = magnitude it would have at full phase and unit distance from 
earth and sun; o = assumed mean semi-diameter at unit distance; p = ratio of observed brightness at full phase to 
that of a flat disk of same size and same position, illuminated and viewed normally and reflecting all the incident light 
according to Lambert’s law; g depends on law of variation of light with phase; albedo = pg. Russell, Astrophysical 
Journal, 43, p. 173, 1916. 

bedo of the earth: A reduction of Very’s observations by Russell gives 0.45 in close agreement with the recent 
value of Aldrich of 0.43 (see Aldrich, Smithsonian Misc. Collections, 69, t919). 
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albedo. 
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Latitude. hm 
° I2 07 

2i 
37 


For more extensive table, see Smithsonian Meteorological Tables. 
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418 - TaBLes 649-552.—-SOLAR ENERCY. 
: TABLE 549.—The Solar Constant. 


Solar constant (amount of energy falling at normal incidence on one square centimeter per 
minute on body at earth’s mean distance) = 1.932 calories = mean 696 determinations 1902—12. 
‘Apparently subject to variations, usually within the range of 7 per cent, and occurring irregularly 
in periods of a week or ten days. 

Computed effective temperature of the sun: from form of black-body curves, 6000° to 7000° 
- Absolute ; from Amax. = 2930 and max. =0.470u, 6230° ; from total radiation, J = 76.8x10- x T*, 


5830°. 


TABLE 550,— Solar spectrum energy (arbitrary units) and its transmission by the earth’s atmosphere. 


Values computed from em—= eoa™, where em is the intensity of solar energy after transmission 
through a mass of air m; m is unity when the sun is in the zenith, and approximately =sec. 
zenith distance for other positions (see table 556); €9-== the energy which would have been ob- 
served had there been no absorbing atmosphere; a is the fractional amount observed when the 


sun is in the zenith. 


Transmission coef- Intensity Solar Energy. Fiat 2 


ficients, a. 


Mount Wilson. Washington. 


Wave-length. 
Whitney. 


nearer 
earth. 


One mile 


Transmission coefficients are for period when there was apparently no volcanic dust in the air. 
* Possibly too high because of increased humidity towards noon. 


TABLE 551, — The intensity of Solar Radiation in different sections of the spectrum, ultra-violet, visual 
infra-red. Calories. 


Wave-length. Mount Whitney. Mount Wilson. Washington. 


m—o|;m=r1 | 
m=I 2 
| | 


| 
19 : 5 ; A : 6 | 
es 3 ‘ 06 | : 
85 .80 6 "% : ’ 
1.66 | 


TABLE 552. — Distribution of brightness (Radiation) over the Solar Disk. 
(These observations extend over only a small portion of a Sun-spot cycle. 


307 174 IIt 77.6 | 30. 14.0 

295 169 108 757, Re oe 

284 163 105.5 | 73-8 | 38.2 13.6 

273 159 103 Vau2 37-6 | 13.4 

ah 152 99 69.8 | 36.7 | 13.2 

peys ue 266° | 317 || 32 323 312 284 | 247 a 138 ae he ee! = 
ee 5 4. 163 233 277 290 286 281 259 22 212 130 86. én aoe a 
+95 49 141 205 | 242 | 255 254 | 254 | 237 | 210 195 r22 81 58.7 aaa my 


Taken from vols. II and III and unpublished data of th Se i 
rae | Is. | a e Ast rsic SETV 
Smithsonian Institution. Schwartzchild and Villiger : Aeroteraelae ce aa sa 


SMITHSONIAN TABLEs. 


— SoS ak 


. Tastes 553-556. 419 
ATMOSPHERIC TRANSPARENCY AND SOLAR RADIATION. 
TABLE 553.—Transmission of Radiation Through Moist and Dry Air. 


This table gives the wave-length, A; a the transmission of radiation by dry air above Mount 
Wilson (altitude = 1730 m., barometer, 620 mm.) for a body in the zenith ; finally a correction fac- 
tor, aw, due to such a quantity of aqueous vapor in the air that if condensed it would form a layer 
I cm. thick. Except in the bands of selective absorption due to the air, a agrees very closely with 
what would be expected from purely molecular scattering. ay is very much smaller than would be 
correspondingly expected, due possibly to the formation of ions by the ultra-violet light from the 
sun. The transmission varies from day to day. However, yalues for clear days computed as fol- 
lows agree within a per cent or two of those observed when the altitude of the place is such that 
the effect due to dust may be neglected, e. g. for altitudes greater than 1000 meters. If B= 

- B 
the barometric pressure in mm., w, the amount of precipitable water in cm., then ap —=a®0 ay. w is 
best determined spectroscopically (Astrophysical Journal, 35, p. 149, 1912, 37, p- 359, 1913) other- 
h 


wise by formula derived from Hann, w= 2.3ew1o 7°, ey being the vapor pressure in cm. at the 
station, h, the altitude in meters. See Table 377 for long-wave transmission. 


A (u) .360 | .384 Pas 503 | -535 | -574 | 624 |. . .986 | 1.74 


a (.660) | .713 | .783 | .840 | .885 | .898 | .905 | .929 | . ; .986 | .gg0 
aw 950 | .960 | .965 | .967 | .977 | .980 | .974 | .978 | . : .990 | .990 


Fowle, Astrophysical Journal, 38, 1913. 


TABLE 554. —Brightness of (radiation from) Sky at Mt. Wilson (1730 m.) and Flint Island (sea level). 


Zenith dist. of zone . | 0-152} 15-35°|35—s0° 


108 X mean ratio sky/sun Mt. Wilson . . | 1500*/ 400 | 520 
of oc Flint Island . ews |e rzen reo 

Ditto X area of zone Mt. Wilson . =f) 51.0" | 58.8) ‘oxy 
ss io Flint Island . : 3.9 | 17-9 | 22.5 


ge 


= +533 
- .046 
= 423 


Sun’s brightness, cal. per cm.2 per min. 

Ditto on horizontal surface 3 : ; 

Mean brightness on normal surface sky X 108/sun 

Total sky radiation on horizontal cal. per cm.? . 
per m. ". z : 5 F > 5 1056 

Total sun + sky, ditto : : : A : - - .T02 


Altitude of sun . : . | 


* Includes allowance for bright region near sun. For the dates upon which the observation of the upper portion of 
table were taken, the mean ratios of total radiation sky/sun, for equal angular areas, at normal incidence, at the island 
and on the mountain, respectively, were 636 X ro—8 and 210 X 10—8, on a horizontal surface, 305 X 1o—8 and 77 X 10—8; 
for the whole sky, at normal incidence, 0.57 and 0.20; on a horizontal surface 0.27 and 0.07. Annals of the Astro- 
physical Observatory of the Smithsonian Institution, vols. II and III, and unpublished researches (Abbot). 


TABLE 555, — Relative Distribution in Normal Spectrum of Sunlight and Sky-light at Mount Wilson. 
Zenith distance about 50°. 


Place in Spectrum 
Intensity Sunlight 
Intensity Sky-light 

Ratio at Mt. Wilson 

Ratio computed by Rayleigh 
Ratio observed by Rayleigh 


TABLE 556, —Air Masses. 


See Table 174 for definition, Besides values derived from the pure secant formula, the table 
contains those derived from various other more complex formula, taking into account the curva- 
ture of the earth, refraction, etc. The most recent is that of Bemporad. 


Zenith Dist. 0? 


Secant 
Forbes 
Bouguer 
Laplace 
Bemporad 


NNW WN 1) 


The Laplace and Bemporad values, Lindholm, Nova Acta R. Soc. Upsal. 3, 1913; the others, Radau’s Actino- 
metric, 1877. 
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420 TaBLes 557-558. 
RELATIVE INTENSITY OF SOLAR RADIATION. 
TABLE 557,— Mean intensity J for 24 hours of solar radiation on a horizontal surface at the top of the 


atmosphere and the solar radiation 4, in terms of the solar radiation, 4., 
at earth’s mean distance from the sun. 


Revative Mean VERTICAL INTENSITY (-)- 
4 fe} 


Motion of 
the sun 
Date. in = LATITUDE NORTH. 
longi- 
tude, 


a 


As 
° 


40° | 50° 


San, 
Leb. 


Mar. 
Apr. 


I 6.99 0.303 |0.265 |0.220 |0.169 |o.117 |0.066 0.018 1.0335 

I 31.54 | .312 | .282 | .244 | .200 | .150 | .100 | .048 |0.006 1.0288 

I 59.14 | .320 | .303 | .279 | .245 | .204 | .158 | .108 | .056 jo0.013 1.0173 

I 89.70 | .317 | .319 | .312 | -295 | .269 | .235 | -195 | .148 | -IoI |0.082} 1.0009 
May 1 | 119.29 | .303 | -318 |..330 | .329 | 320 | .302 | .278 | .253 | -255 | -259] 0.9841 
June 1 | 149.82 | .287 | .315 | .334 | -345 | -349 | -345-] -337 | -344 | -300 | .366] 0.9714 
July 1} 179.39 | .283 | .312 | 333 | -347 | -352 | -352 | -345 | -356 | -373 | -379} 0.9666 

I 

I 

I 

I 

I 


Aug. 209.94 | .2904 | .316 | .330 | .334 | .330 | -318 | .300 | .282 | .295 | .300] 0.9709 
Sept. 240.50 | .310 | .318 | .316'| .305 | .285 | .256 | .220 | .180 | .139 | .140] 0.9828 
Oct. PieHeyp |) sete). || sakes) || asioys| qaiene 5) AA) |) sidsyey |) auigiG | dete || Halos 0.9995 
Lov. 300.63 | .312 | .286 || .251 | .211 | .164 | .114 | .063 | .018 1.0164 
Dec. Aen) || qxout | oy || ean || sy | waz, |) wey, || Kor? 1.0288 


WAG? 5000 0.305 |0.301 |0.289 |0.268 |o0.241 40.209 |0.173 |0.144 |0.133 |o.126 


TABLE 558,— Mean Monthly and Yearly Temperatures. 


Mean temperatures of a few selected American stations, also of a station of very high, two of very low temperature, 
and one of very great and one of very small range of temperature. 


Jan. Oct. | Nov. 


ao) 
= 


May. | June.) July. | Aug. Sept. | 


a 
a 


Hebron-Rama (Labr.) | —20.7 
Winnipeg (Canada) .|—21.6 
Montreal. : + |—10.9 
Boston 4 ° si 2.8 
Chicago. : -|— 4.8 
Denver A F o|— 2.9 
Washington 

Pikes Peak , 

St. Louis 

San Francisco 

Yuma . ; 

New Orleans 
Massaua. - é 
Ft. Conger (Greenl’d) 
Werchojansk a 
Batavia : 
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Lat., Long., Alt. respectively: (1) +58°.5, 63°.0 W, —; (2) + 49.9, 97.1 W, 233m.; (3) : 
, 63 st +9) 97. » 23gm.3 (2 5, 73-6 W my; 
(4) + 42.3, 71.1 W, 38m.3 (5) + 41-9, 87-6 W, 251m.; (6) +39.7, 105.0 W, 1613m.; (7) ie Soe Wr. Bae (8) 


+ 38.8, 105.0 W, 4308m.; (9) + 38.6, 90.2 W, 173m.; (10) 437.8, 122.5 W, 47m.; (11) -+32.7, 114.6 W, 43m. + 
Oe geen go.r W, 16m.; (13) + 15.6, 37-5 E, 9m.; (14) +81.7, 64.7 W., —3 Cece Pee ne (16) ee 
106, > 7m. 2 


Taken from Hann’s Lehrbuch der Meteorologie, 2’nd edition, which see for further data. 


Note; Highest recorded temperature in world=57° C in Death Valley, California, July 10, 1913 
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TABLES 559-561. 
THE EARTH’S ATMOSPHERE. 
TABLE 559. — Miscellaneous Data. Variation with Latitude. 


Optical ev, lence of atmosphere’s extent: twilight 63 km, luminous clouds 83, meteors 200, aurora 44-360. Jeans 
computes a density at 170 km of 2 X 10! molecules per cm’, nearly all H (5% He); at 810 km, 3 X 10! molecules 
per cm’ almost all H. When in equilibrium, each gas forms an atmosphere whose density decrease with altitude is 
independent of the other components (Dalton’s law, H2O vapor does not). The lighter the gas, the smaller the decrease 
rate. A homogeneous atmosphere, 76 cm pressure at sea-level, of sea-level density, would be 7991 m high. Average 
sea-level barometer is 74 cm; corresponding homogeneous atmosphere (truncated cone) 7790 m, weighs (base, m?) 
to,120 kg; this times earth’s area is 52 X 1o!4 metric tons or 1076 of earth’s mass. The percentage by vol. and the 
partial pressures of the dry-air components at sea-level are: No, 78.03, 593.02 mm; Oz, 20.99, 150.52; A, 0.04, 7-144} 
COs, 0.03, 0.228; He, 0.01, 0.076; Ne, 0.0012, 0.009; He, 0.0004, 0.003 (Hann). The following table gives the varia- 
tion of the mean composition of moist air with the latitude (Hann). 


421 


Nz 75.99 
77-32 
77-87 


E20 2.63 


0.92 
0.22 


CO2 0.02 
0.02 
0.03 


TABLE 560. — Variation of Percentage Composition with Altitude (Humphreys). 


Computed on assumptions: sea-level temperature 11° C; 
z1 km, from there constant with elevation at —55°. 


Argon. 


Nitrogen. 


J. Franklin Inst. 184, p. 388, 1917. 


temperature uniformly decreasing 6° per km up to 


Carbon 
dioxide. 


Hydrogen. 


Helium. 


Total 


pressure, mm 


o00000000 


HOODOOONOOCOO0NO 


9O0OHHHO 


0040 
0052 
0067 
0123 
.0935 
- 403 
84 
63 
.99 
.66 
.00 


MHOOOOODO 


TABLE 561. — Variation of Temperature, Pressure and Density with Altitude. 
Average data from sounding balloon flights (65 for summer, 52 for winter data) made at Trappes (near Paris), 


Uccle (near Brussels), Strassburg and Munich. Compiled by Humphreys, 16 to 20 m chiefly extrapolated. 


Summer. Winter. 
Elevation, : : 
f Density Density 
° Pressure, sees . iS Pressure, Serre 
Temp. °C mm of Hg. ee Temp. ° C mm of Hg. See 
20.0 —5I.0 44.1 0.900092 —57.0 390.5 0.000085 
19.0 —51.0 S545 . 000108 —57.0 46.3 . 090100 
18.0 —51.0 60.0 . 0001 26 —57.0 54.2 .OOOTI7 19 
Ew ASS) —51.0 70.0 . 000146 —57.0 103 x5 .000137 
16.0 —51.0 81.7 .OOO17T —57.0 74.0 . 009160 
15.0 —5I.0 05-3 .OO0OT9Q —57.0 87.1 .090187 
I4.0 —5I.0 rie . 000232 —57.0 102.1 .000220 
13.0 —51.0 129.6 . 000270 —57.0 IIQ.5 .000257 
I2.0 —51.0 I5I.2 . 000316 —57.0 I40.0 . 000301 
II.o —40.5 176.2 .000366 —57.0 164.0 .000353 
10.0 —45.5 205.1 . 0004.19 —54.5 192.0 . 000408 
9.90 —37.8 237.8 - 0004.70 —490.5 224.1 .000466 
8.0 —20.7 274.3 -0005 24 —43.0 260.6 .000526 
7.0 —22.1 314.9 .000583 =35.4 301.6 .000590_~—sY|y: 
6.0 —I5.1 360.2 .000049 —28.1 347-5 .000659 
5.0 —8.9 410.6 . 000722 —21.2 308.7 .000735 
4.0 —3.0 466.6 . 000803 —I5.0 455-9 .00082t 
3.0 +2.4 528.9 . 000892 —9.3 ipeejay/ .COOOTS 
Das +5.0 562.5 . 000942 —6.7 554-3 . 000067 
2.0 +7.5 598.0 .000990 —4.7 590.8 . 001023 
t.5 +10.0 635.4 .OOTO43 —3.0 629.6 . 001083 
I.0 +12.0 674.8 . OOTIOO —1.3 670.6 , 001146 
0.5 +14.5 716.3 .OOTI57 0.0 714.0 .OO1215 
0.0 +15.7 760.0 . 001223 +o.7 760.0 . 001290 


760 mm = 29.921 in. = 1013.3 millibars. 


I mm = 1.333 


22387 millibars. 


1 bar 


= 1,000,000 dynes; _ this value, 
sanctioned by International Meteorological Conferences, is 1,000,000 times that sometimes used by physicists. 
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422 TABLES 562-563. 


TERRESTRIAL TEMPERATURES. 


TABLE 562.— Temperature Variation over Earth’s Surface (Hann). 


Temperatures ° C 


Latitude. 
July. 


North pole 
+80° 
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TABLE 563.— Temperature Variation with Depth (Land and Ocean), 


Table illustrates temperature changes underground at moderate depths due to surface warming (read from 
for Tiflis, Lehrbuch der Meteorologie, Hann and Siiring, 1915). Below 20-30 m (nearer the eaaiane " tropics) t ret 
is no annual variation. Increase downwards at greater depths, 0.03 = ° C per m (1° per 35 m) l.c. At Pittsburgh 
1524 mM, 49.4°, .0294 perm; Oberschlesien, 2003 m, 70°, .o294 per m; or W. Virginia, 2200 m, 70°, -034° per m (Van 
Orstrand). Mean value outflow heat from earth’s center, 0.00000172 g-cal/cm2/sec. or 54 g-cal/cm2/year (39 Laby). 
Open ocean temperatures: Greatest mean annual range (Schott) 40° N, 4.2°C; 30°S, 5.1°; but 10°N, only 2.2°; 
50°S, 2.9°. Mean surface temp. whole ocean (Kriimmel) 17.4°; all depths, 3.9°. Below 1 km nearly isothermal with 
depth. In tropics, surface 28°; at 183 m, 11°, 80% all water less than 4.4°. Deep-sea (bottom) temps. range —o.5° to 
+2.6°. Soundings in S. Atlantic: okm, 18.9°; .25 km, 15°; .5 km, 8.3°; 1 km, 3.3°; 3 km, r.7-3 4-5)km, 0,6°. ; 


Temperature, centigrade. 


Depth, 
m 


May. July. 


32 
26 


HNDHNHHDHD 


AnhwWHHHO 
00000nN0n? 
Wann HO APN 


TABLE 564. 423 
GEOCHEMICAL DATA. 


Eighty-three chemical elements (86 including Polonium, Actinium and Uranium X2) are found on the earth. Besides 
the 8 occurring uncombined as gases, 16 are found native, C, Au, Fe, Pb, Hg, Ni, Pt, Ir, Os, Ru, Rh, Pd, Ag, S, Te and 
Zn, Combined, the elements form about tooo known mineral species. Rocks are general aggregates of these species. 
Some few rocks (e.g. quartzite, limestone, etc.) consist of one species only. The crust of the earth may be divided into 
three layers: the first and innermost, of the crystalline or Plutonic rocks, the second of sedimentary and fragmentary 
rocks, the third of clays, gravels, etc. We have some knowledge of this crust to a depth of 10 miles, — 93% is solid 
matter, 7% liquid, and the atmosphere amounts by weight to about 0.03% of it. See Data of Geochemistry, F. W 
Clarke, Bul. 616 U. S. Geological Survey, ror6. 


AVERAGE COMPOSITION OF KNOWN TERRESTRIAL MATTER. 


Average composition. Average composition of lithosphere. 


Litho- | Hydro- | inchat’ | Hngous I Sand. | Li 
itho- ydro- | includ- I gneous and- ime- . 
sphere, | sphere, ing os Compound. | rocks, a stone, | stone, Weighted 


95% 075% |\0.25% | “Va BC: 


7. 
8. 
7. 
ae 
Be 
2. 
2. 
2. 
°. 


later sets 


AVERAGE CoMPOsITION OF Meteorites: The following figures give in succession the element, atomic number 
(bracketed), and the percentage amount in stony meteorites (Merrill, Mem. Nat. Acad. Sc. 14, p. 28, 1916). The 
“sron” meteorites contain a much larger percentage of iron and nickel, but there is a tendency to believe that with 
such meteorites the composition is altered by the volatilization or burning up of the other material in passing through 
the air. Note the greater abundance of elements of even atomic number (97.2 per cent). 


Mg (12) 


Ru (44) r. r. Ir (77) 
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424 _ TABLE 565. 
ACCELERATION OF GRAVITY. 
For Sea Level and Different Altitudes. 
Calculated from U. S. Coast and Geodetic Survey formula, p. 134 of Special Publication No. 40 of that Bureau. 


x = nz od) m 
& = 9.78039 (1 + 0.005204 sin? p — 0.000007 sin* 2 
& = 32.08783 (1 + 0.005294 sin?, — 0.000007 sin” 2) ft. 


log g 


i g 
Fataee aniseed 


Latitude 
Ce 


g 
cm/sec? log g ft./sec? 


978.039 .9903562 32.0878 981.071 - 9917004 
.078 + 9903735 0891 -159 pee 
-195 9004254 0929 247 “99177 4 
.262 -9904552 .OQ51 -336 99781] 
-340 - 9904898 -0077 : -991555 


-38 9905004 0991 . -9918934 
0 ae -9905 208 . 1007 < ° pean 
. 480 -9905520 . 1023 ‘ -9919677 
= 532 -9905750 . 1040 : «9920040 
-585 «9905985 - 1057 : 9920403 


641 .9906234 .1076 ; -9920752 
. 701 . 9906500 . 1095 : - 9921073 
- 763 -9906775 . 1116 2 -9921424 
.825 «9907050 .1136 Sa) -9921750 
. 892 9907348 .1158 z - 9922079 


. 960 -9907649 .1180 ; -9922388 
.030 - 9907960 .1203 f - 9922689 
- IOI -9908275 nE227, E - 9922981 
Sis . 9908603 -1251 3 - 9923268 
.251 -9908940 -1276 - - 9923542 


-329 - 9909286 . 1302 : - 9923803 
407 9909632 -1327 > 9924055 
487 - 99090987 1353 - - 9924208 
. 569 . 9910350 . 1380 ; -9924528 
-052 “9910718 . 1407 d : - 9924749 


- QOTIOQS -1435 : -9924952 
.822 -QQII472 .1463 ‘ -9025147 
9911853 - 1491 : - 9925332 
- 9912238 .1520 : -9925500 
-9912628 -1540 -9925655 


9913018 2.1578 ‘ - 9925796 
9913417 - 1607 : 9925920 
-9QT 3812 - 1636 a - 9926043 
- 9914210 . 1666 ans -9926149 
- 9914613 - 1696 5 -9926242 


.QOISOIL EYES : - 9926321 
- 9915410 -1755 - - 9926379 
-9915814 -1785 ‘ - 9926432 
- 9916212 . 1814 5 - 9926467 
- 9916606 .1844 : -9926404 


To reduce log g (cm. per sec. per sec.) to log g (ft. per sec. per sec.) add log 0.03280833 = 8.5159842 — Io. 
The standard value of gravity, used in barometer reductions, etc., is 080.665. It was adopted by the International 
Committee on Weights and Measures in rg01. It corresponds nearly to latitude 45° and sea-level. 


FREE-AIR CORRECTION FOR ALTITUDE. 


—0.0003086 cm/sec?/m when altitude is in meters. 
—0.000003086 {t/sec?/ft when altitude is in feet. 


| : 
Altitude. Correction. Altitude. Correction. 


—o,0617 cm/sec? ; —o.000617 ft./sec? 
.0926 3 . 000926 
.1234 . 001234 
1543 ‘ 001543 
.1852 .O01852 
. 2100 .002160 
. 2469 8 .002469 
2777 002777 
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TABLE 566. 42 5 
GRAVITY. 


The following more recent gravity determinations (Potsdam System) serve to show the accuracy which may be 
assumed for the values in Table 565, except for the three stations in the Arctic Ocean. The error in the observed gravity 
is probably not greater than 0,010 cm/sec?, as the observations were made with the half-second invariable pendulum, 
using modern methods. 

In recent years the Coast and Geodetic Survey has corrected the computed value of gravity for the effect of ma- 
terial above sea-level, the deficiency of matter in the oceans, the deficiency of density in the material below sea-level 
under the continents and the excess of density in the earth’s crust under the ocean, in addition to the reduction for 
elevation. Such corrections make the computed values agree more closely with those observed. See special publica- 
tion No. 40 of the U. S. Coast and Geodetic Survey entitled, “Investigations of Gravity and Isostasy,” by William 
Bowie, 1917; also Special Publication No. ro of same bureau entitled, ‘Effect of Topography and Isostatic Compen- 
sation upon the Intensity of Gravity,”’ by J. F. Hayford and William Bowie, ro12. 


Gravity, cm/sec? 


Elevation, |_———————-—_—————__|_ Reefer- 


Latitude. meters. ence. 


Reduced to 
Saves sea-level. 


Kodaikanal, India 077.645 978.366 
Ootacamund, India 977-735 978.427 
Madras, India 6 978.279 978.281 
Jamestown, St. Helena 078.712 978.715 
Cuttack, India 078.659 978.668 
Amraoti, India. . 978.609 078.714 
Jubbulpur, India. 978.7190 978.856 
Gaya, India , 078.884 — 978.918 
Siliguri, India 978.887 978.0923 
Kuhrja, India .082 079.143 
Galveston, Texas : 979.273 
Rajpur, India 979. 979.313 
Alexandria, La / 979. 979.436 
St. Georges, Bermuda. .: 979. 979.807 
McCormick, S. C 979.624 979.674 
Shamrock, Texas 5 970. 079-795 
Cloudland, Tenn 979. 979.966 
Mount Hamilton, Cal 2 i 980.056 
Kala-i-Chumb, Turkestan be 979.877 
Denver, Col s 980.114 
Hachinohe, Japan.. 980. 980.365 
980. 980.334 
980. 344 980.363 
Florence, Italy f 080. 980. 548 
Minneapolis, Minn f 980. 980.676 
Simplon Hospice, Switzerland 980. 980.819 
Fort Kent, Me 980. 980.814 
Sandpoint, Idaho 980. 980.877 
Medicine Hat, Canada 980. 86: 981.070 
Field, Canada f 980. .127 
Magleby, Denmark 981. . 506 
Copenhagen, Denmark 5 981.5 563 
St. Paul Island, Alaska 5 o8r. .720 
Fredericksvarn, Norway ‘ o8r. 877 
Christiania, Norway 5 081. 936 
Ashe Inlet, Hudson Strait 3: ; . 110 
St. Michael, Alaska 982. -192 
Hatnarfjordr, Iceland 982. 207 
Niantilik, Cumberland Sound 54 982. 275 
Glaesibaer, Iceland 982. : 345 
Sorvagen, Norway 982. 2.628 
Umanak, Greenland 982. 2.593 
Danes Island, Spitzbergen 983. -079 
Arctic Sea 983. 109 
Arctic Sea : 983. 174 
Arctic Sea : 3.155 
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References: (1) Report 16th General Conference International Geodetic Association, London and Cambridge, 
1909, 3d Vol. by Dr. E. Borrdss, rg11; (2) U.S. Coast and Geodetic Survey, Special Publ. No. 40; * (3) U.S. Coast 
and Geodetic Survey, Report for 1897, Appendix 6.* 


* For references (2) and (3), values were derived from comparative experiments with invariable pendulums, the 
value for Washington being taken as 980.112. For the latter, Appendix 5 of the Coast and Geodetic Survey Report 
for 1901, and pages 25 and 244 of the 3d vol. by Dr. E. Borrdss in rorr of the Report of the 16th General Conference 
of the Intern. Geodetic Association, London and Cambridge, to09. As a result of the adjustment of the net of gravity 
base stations throughout the world by the Central Bureau of the Intern. Geodetic Association, the value of the Wash- 
ington base station was changed to 980.112. 
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426 TABLE 567. 
ACCELERATION OF GRAVITY (g) IN THE UNITED STATES. 


The following table is abridged from one for 219 stations given on pp. 50 to 52, Special Publication No. 40, U. S. 
Coast ne Geodetic Survey. The observed values ieceha on relative determinations and on Cg ae vane of 980.112 
for Washington (Coast and Geodetic Survey Office, see footnote, Table 566). There are also given oe ‘poe. 
in reducing the theoretical value ae 565) to ae proper ia ha egg and to allow for topography an: s 
compensation by the Hayford method (see introductory note to Table 566). : A 3 

To a contaiaortents the greater the bulk of material below any station, the less its average density. Filmy phenowssaes 
is known as isostatic compensation. The depth below sea-level to which this compensation extends 1s about 9 b 
Below this depth any mass element is subject to equal (fluid) pressure from all directions. 


Correction. 


Eleva- | Observed 
Station. Latitude. Longitude. tion, g : Topography 
meters. | cm/sec? | Elevation, | and com- 
cm/sec? pensation, 


~ 
~ 


Key West, Fla 

New Orleans, La 

Austin, Tex. universit 

(DIP aso exc anes emis can pare 
Yuma, Ariz. 
(Charleston#S:'Cs25 seen 
Birmingham, Ala 

Arkansas City, Ark 

Atlanta, Ga. capitol 
Beaufort, N. C 

Little Rock, Ark 

Memphis, Tenn 

Charlotte, N. C... 

Las Vegas, N. Mex mm 
Knoxville, Tenn...).......-- 
Grand Canyon, Ariz 
Cloudland, Tenn 

Mount Hamilton, Cal., Obs’y. 
Richmond, Va. 

San Francisco, Cal 

St. Louis, Mo., university... . 
Pike’s Peak, Col 

Colorado Springs, Col........ 
Washington, D. C., Bur. St’ds. 
Wallace, Kans 

Green River, Utah 
Cincinnati, Ohio, obs’y 
Baltimore, Md., university. . . 
Terre Haute, Ind 

Denver, Col., university obs’y. 
Philadelphia, Pa., university... 
Wheeling, W. Va 

Princeton, N. J 

Pittsburg, Pa. 

Salt Lake City, Utah 

New York, N. Y., university. 
Winnemucca, Nev 

Cleveland, Ohio 

Chicago, IIl., university...... 
Worcester, Mass. 

Cambridge, Mass. observatory 
Ithaca, N. Y., university... 
Fort Dodge, Iowa 

Grand Rapids, Mich......... 
Madison, Wis., university... . 
Boise, Idaho 

Mitchell, S. Dak. university. . 
Teancaster, Ne El ton. cas ce 
Grand Canyon, Wyo......... 
Minneapolis, Minn 

Calais, Me 

Miles City, Mont 

Seattle, Wash. university. ... 
Pembina, N. Dak 
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TABLE 568.— Length of Seconds Pendulum at Sea Level and for Different Latitudes. 


Length Length 
i : Log. in 
inches. 


99.0961 : 39.0141 | L.591222 i 1.907401 | 39.1351 1.592566 
. 1000 , .O157 + 591230 ‘ -997594 .1525 -592760 
-IIIQ : .0204 «591202 " -907770 . 1689 «592041 
-13I0 : +0279 | .591375 3 -997939 1836 - 593104, 
Sy a A .0382 - 591490 Z . 998081 . 1964 + 5903240 
. 1894 : -0509 - 591631 ; - 998196 3 - 593301 
.2268 2 .0056 - 5017904 ‘ .998280 5 - 593446 


. 2081 3 . 0819 +591976 3 . 998332 3 + 593408 
.312t ‘ .0992 - 592168 ; -998350 ‘ +593515 
-3577 | .997201 -T171 | . 592367 — — 


Calculated from Table 565 by the formula / = g/7?. For each roo ft. of elevation subtract 0.000953 cm 
OF 0.000375 in. or 0.0000313 ft. This table could also have Deen computed by either of the following formu- 
lae derived from the gravity formula at the top of Table 565. 


TABLE 569.— Miscellaneous Geodetic Data. 


Equatorial radius a@ = 6378206 meters; 
3963 .225 miles. 
Polar semi-diameter b = 6356584 meters; 
3949-790 miles. 
Reciprocal of flattening <5 = 205.0 
at a2 — 2 
Square of eccentricity a= = 0.006768658 


a2 


6378388 + 18 meters; 


3963-330 miles. 
6356909 meters; 


3949.992 miles. 
2907.0+0.5 


0.0067 237 += 0.0000120 


“prosayds ay40p9 


Difference between geographical and geocentric latitude = @ — d! = 


688.2242” sin 2@ — 1.1482” sin 4@ + 0.0026” sin 6. 


Mean density of the earth = 5.5247 + 0.0013 (Burgess Phys. Rev. 1902). 


Continental surface density of the earth = 2.67 } Elarkness 
Mean density outer ten miles of earth’s crust = 2.40 4 


Constant of gravity, 6.66 X 107-8 c.g.s. units. 


Rigidity = n = 8.6 X 10 c.g.s. units. ee A. Michelson, Astrophysical Journal, 39, 
Viscosity = e = 10.9 X 10! c.g.s. units (comparable to steel). Pp. 105, 1914. 


Moments of inertia of the earth; the principal moments being taken as A, B, and C, and C the greatest: 


26521 = ates 
0. 00326521 RCGacS 
9.001064767 Ea?; 
0.325029 Ea?; 
0.326094 Ea’; 
where E is the mass of the earth and a its equatorial semi-diameter. 
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428 _ TABLE 570. 
TERRESTRIAL MAGNETISM. 


Secular Change of Declination. 


_ Changes in the magnetic declination between 1810, the date of the earliest available observations, and 1920. Based 
on tables in “Distribution of the Magnetic Declination in Alaska and Adjacent Regions in 1910 and “Distribution 
of the Magnetic Declination in the United States for January 1, 1915,” published by the United States Coast ane 
Geodetic Survey. For a somewhat different set of stations, see 6th Revised Edition of the Smithsonian Physical Tables. 


State. Station. 18ro | 1820 | 1830 | 1840 1860 | 1870 | 1880 | 1890 | Ig00 | IgIO | 1920 


Unalaska.... 
St. Michael. . . 
Holbrook 


Ouray 
Hartford 


Washington... . 
Miami 


Jacksonville... 
Tallahassee. . . 


Honolulu 
Pocatello 
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Kankakee.... 
Rushville 

Indianapolis. . 
Walker....... 
SaceCity eee 
Emporia..... 
Ness ‘City... 
Manchester... 
Louisville 
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Portland:.... 
Baltimore. ... 
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Vicksburg... . 
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TERRESTRIAL MAGNETISM (continued). 
Secular Change of Declination (concluded). 


Station. 1820 | 1830 
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Jamestown... 
Bismarck 


H 
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Wilkes-Barre. . 
Lockhaven... . 
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Rapid City... 
Knoxville 

Shelbyville... . 
Huntingdon... 
Houston...... 
San Antonio.. 


Wytheville... . 
Wilson Creek.. 
Seattle 
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Richmond.... 
Lynchburg.... 
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Green River. . 
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430 TABLES 571-572. 
TERRESTRIAL MAGNETISM (continued). 


TABLE 571. — Dip or Inclination. 


This table gives for the epoch January 1, rors, the values of the magnetic dip, J, corresponding to the longitudes 
west of Greenwich in the heading and the north latitudes in the first column. 
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TABLE 572.— Secular Change of Dip. 


Values of the magnetic dip for places designated by the north latitudes and longitudes west of Greenwich in the 
first two columns for January 1 of the years in the heading. The degrees are given in the third column and the minutes 
in the suceeding columns. 


Long- 


Latitude} jtude. 1880]1885|1890]1895|1900] 1905 | 1910 


~ 


/ , 


31 
Q2 
63 


74 
85 
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32 
20 


49 
66 
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TABLES 573-574. 431 
TERRESTRIAL MAGNETISM (continued). 


TABLE 573.— Horizontal Intensity. 


This table gives for the epoch January 1, rors, the horizontal intensity, H, expressed in cgs units, corresponding to 
the longitudes in the heading and the latitudes in the first column. 


TABLE 574.— Secular Change of Horizontal Intensity. 


Values of horizontal intensity, H, in cgs units for the places designated by the latitude and longitude in the first 
two columns for January 1 of the years in the heading. 
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432 TABLES 575-576. 
TERRESTRIAL MAGNETISM (continued). 


TABLE 575. — Total Intensity. 


This table gives for the epoch January 1, 1915, the values of the total intensity, 7, expressed in cgs units corre- 
sponding to the longitudes in the heading and the latitudes in the first column. 


TABLE 576.— Secular Change of Total Intensity. 


Values of total intensity, F, in cgs units for places designated by the latitudes and longitudes in the first two columns 
for January 1 of the years in the heading. 


1870 | 1875 


5396] .5363 
-4033] .4914 
-5735| .5716 
-5595| .5567 
- 5182] .5140 


- 6048} .6008 
- 5903} .5966 
= -5720 
-5457| -5428 
.6204] . 6190 


- 6246] -.6233 
6040] . 6011 
+5739! .5720 
.6126] .6107 
.6320] .6329 


.6522! .6495 


.6000] .5978 
-6540] .6508 
. 6098] .6083 
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TABLES 577-578. ¥ 433 
TERRESTRIAL MAGNETISM (continued). 
TABLE 577. — Agonic Line. 


The line of no declination appears to be still moving westward in the United States, but, as the line of no annual 
change is only a short distance to the west of it, it is probable that the extreme westerly position will soon be reached. 


Longitudes of the agonic line for the years 
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TABLE 578.— Mean Magnetic Character of Each Month in the Years 1906 to 1917.* 


Means derived from daily magnetic characters based upon the following scale: 0, no disturbance; 1, moderate 
disturbance, and 2, large disturbance. 


> 
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oe 


990900900000 
ONO OO) 'O50 O16 001070 
0 0°0"6' 0°00 01.070 0°90 
9909990909000 
o00000000 000 
0099999090000 


999990090000 


000000000000 
000000000000 
000000000000 


909099090000 
999099090000 
eo00000000000 


* Compiled from annual reviews of the “Caractére magnétique de chaque jour” prepared by the Royal Meteoro- 
logical Institute of the Netherlands for the International Commission for Terrestrial Magnetism. The number of 
stations supplying complete data for the above years were respectively, 30, 32, 36, 38, 34, 39, 43, 42, 37, 35,35) 35- 
Data from Sitka, Ekaterinburg, Stonyhurst, Wilhelmshaven, Potsdam-Seddin, De Bilt, Greenwich, Kew, Val Joyeux, 
Pola, Cheltenham, Honolulu, Bombay, Porto Rico, and Buitenzorg were employed for all of the years. 
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434 ay ’ TABLE 579. 


RECENT VALUES OF THE MAGNETIC ELEMENTS AT MAGNETIC OBSERVATORIES. 
(Compiled by the Department of Terrestrial Magnetism, Carnegie Institution of Washington.) 


i al 


Magnetic elements. 
Miicl dle) = eciea- aan | rae 


Latitude. | Longitude. Intensity (cgs units). 


Declination. | Inclination. 


Pavlovsk 

Sitka 
Katharinenburg 
Rude Skoy 


Stonyhurst 
Wilhelmshaven 
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Prague.... 
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Agincourt (Toronto). . 
Perpignan 


Haseeesaesesessseesaeaehaesesaenahes 
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Lukiapang ** 
Dehra Dun.... 


Barrack porelfriciisieieet 
Hongkong 
Honolulu 


n 
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Batavia-Buitenzorg... 
St. Paul de Loanda. .. 
Samoa (Apia) 
Tananarive 


cad 


H 


Santiago 

Christchurch 

New Year’s Island.... 
Orcadas 


ADDOR ATVOOW HOR ADDOHOWMARKYDRNA 


oleslesteol b= P=leok=| 


H 
Bun 


* Baldwin Obs’y replaced by Tucson Obs’y, Oct. 1909; mean given for Jan.—Oct. ’oo. 
*** Replaced Zi-ka-wei Obs’y, 1908, T Observations discontinued Apr. 26, rors. 
{ Provisional values taken for position of Port Cork, p. 298, American Practical Navigator, 1914 edition. 
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APPENDIX: 
DEFINITIONS OF UNITS. 


ACTIVITY. Power or rate of doing work; unit, the watt. 

AMPERE. Unit of electrical current. The international ampere, “ which is one-tenth 
of the unit of current of the C. G. S. system of electro-magnetic units, and which 
is represented sufficiently well for practical use by the unvarying current which, 
‘when passed through a solution of nitrate of silver in water, and in accordance 
with accompanying specifications, deposits silver at the rate of o,oor11800 of a 
gram per second.” 

The ampere =1 coulomb per second = 1 volt through 1 ohm=10- E, M. U.=3 X 
TOME Se) U.* 

Amperes = volts/chms = watts/volts = (watts/ohms )#. 

Amperes X volts = amperes * X ohms = watts. 

ANGSTROM. Unit of wave-length = 10- meter. 

ATMOSPHERE. Unit of pressure. 

English normal = 14.7 pounds per sq. in. = 29.929 in.—= 760.18 mm Hg. 32° F. 
French “ =760 mm of Hg. 0° C= 29.922 in. 14.70 lbs. per sq. in. 

BAR. A pressure of one dyne per cm.” 

BRITISH THERMAL UNIT. Heat required to raise one pound of water at its tem- 
perature of maximum density, 1° F.=252 gram-calories. 

CALORIE. Small calorie=gram-calorie—therm = quantity of heat required to 
raise one gram of water at its maximum density, one degree Centigrade. 

Large calorie = kilogram-calorie = 1000 small calories = one kilogram of water rzised 
one degree Centigrade at the temperature of maximum density. 
For conversion factors see page 197. 

CANDLE, INTERNATIONAL. The international unit of candlepower maintained 
jointly by national laboratories of England, France and United States of America. 

CARAT. The diamond carat standard in U. S.=200 milligrams.. Old standard 
= 205.3 milligrams = 3.168 grains. 

The gold carat: pure gold is 24 carats; a carat is 1/24 part. 

CIRCULAR AREA. The square of the diameter = 1.2733 X true area. 

True area = 0.785398 X circular area. 

COULOMB. Unit of quantity. The international coulomb is the quantity of electricity 
transferred by a current of one international ampere in one second. = 10~ E. M. U. 
23 S< a 125 Sp UE 

Coulombs = (volts-seconds) /ohms = amperes & seconds. 

CUBIT = 18 inches. 

DAY. Mean solar day = 1440 minutes = 86400 seconds = 1.0027379 sidereal day. 
Sidereal day = 86164.10 mean solar seconds. 

DIGIT. 3/4 inch; 1/12 the apparent diameter of the sun or moon. 

DIOPTER. Unit of “power” of a lens. The number of diopters—=the reciprocal of 
the focal length in meters. 

DYNE. C.G. S. unit of force=that force which acting for one second on one gram 
produces a velocity of one cm per sec. =Ig ~ gravity acceleration in cm/sec./sec. 

Dynes = wt. in g X acceleration of gravity in cm/sec./sec. 

ELECTROCHEMICAL EQUIVALENT is the ratio of the mass in grams deposited 
in an electrolytic cell by an electrical current to the quantity of electricity. 

ENERGY. See Erg. 

ERG. C.G.S. unit of work and energy = one dyne acting through one centimeter. 

For conversion factors see page 197. 

FARAD. Unit of electrical capacity. The international farad is the capacity of a con- 
denser charged to a potential of one international volt by one international coulomb 
ofelectricity == 10" KE. M.U.==9 x to" E: S..U. 

The one-millionth part of a farad (microfarad) is more commonly used. 
Farads = coulombs/volts. 


/ 


*E. M. U.=C. G. S. electromagnetic units. E. S. U.=C. G. S. electrostatic units. 
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FOOT-POUND. The work which will raise one pound one foot high. 
For conversion factors see page 197. 
FOOT-POUNDALS. The English unit of work = foot-pounds/g. 
For conversion factors see page 197. 
g. The acceleration produced by gravity. 
GAUSS. A unit of intensity of magnetic field —=1E. M. U.=3 X10 E.S. U. 
GRAM. See page 6. 
GRAM-CENTIMETER. The gravitation unit of work=g. ergs. 
GRAM-MOLECULE =» grams where = molecular weight of substance. 


GRAVITATION CONSTANT=G in formula G oa = 666.07 X 107° cm.’/egr. sec.’ 
HEAT OF THE ELECTRIC CURRENT generated in a metallic circuit without self- 
induction is proportional to the quantity of electricity which has passed in coulombs 
multiplied by the fall of potential in volts, or is equal to (coulombs X volts) /4.181 in 
small calories. 
The heat in small or gram-calories per second = (amperes* X ohms) /4.181 =volts’/ 
(ohms X 4.181) = (volts X amperes) /4.181 = watts/4.181. 

HEAT. Absolute zero of heat =— 273.13° C., — 459.6° Fahrenheit, — 218.5° Reaumur. 

HEFNER UNIT. Photometric standard; see page 2060. 

HENRY. Unit of induction. It is “the induction in a circuit when the electromotive 
force induced in this circuit is one international volt, while the inducing current 
varies at the rate of one ampere per second.” =10° E. M. U.=1/9 X 107 E. S. U. 

HORSEPOWER. The English and American horsepower is defined by some authorities 
as 746 watts and by others as 550 foot-pounds per second. The continental horse- 
power is defined by some authorities as 736 watts and by others as 75 kilogram- 
meters per second. See page 197. 

JOULE. Unit of work= 1o’ ergs. For electrical Joule see p. xxxvii. 

Joules = (volts* x seconds) /ohms = watts X seconds amperes’ X ohms & sec. 
For conversion factors see page 197. 
So EQUIVALENT. The mechanical equivalent of heat=4.185 X I0’ ergs. 
ee page 197. 

KILODYNE. to00 dynes. About 1 gram. 

KINETIC ENERGY in ergs—grams X (cm./sec.)?/2. 

LITER. See page 6. 

LUMEN. Unit of flux of light-candles divided by solid angles. 

MEGABAR. Unit of pressure = 1000000 bars—o.987 atmospheres. 

MEGADYNE. One million dynes. About one kilogram. 

METER. See page 6. 

ie haga The intensity of lumination due to standard candle distant one 

MHO. The unit of electrical conductivity. Iti i 

j y. Itis the reciprocal of the ohm. 

MICRO. A prefix indicating the millionth part. a3 

A eee erie One-millionth of a farad, the ordinary measure of electrostatic 

MICRON. (#) =one-millionth of a meter. 

MIL. One-thousandth of an inch. 

MILE. See pages 5, 6. 

MILE, NAUTICAL or GEOGRAPHICAL = 6080.204 feet. 

ee pee denoting the thousandth part. 

: e anomalistic month = ti i i 
cae naa ergy Bee h = time of revolution of the moon from one perigee to 
Segoe eee aie on month —time of revolution from a node to the same 
The sidereal month—the time of revolution referred t 
i 7 o the stars = 27.32166 days 
ae about three hours on account of the eccentricity of the 
The synodic month—the revolution from one new moon i 
y 1 to arlother = 29.5306 d 
(mean value) =the ordinary month. It varies by about 13 hours. a a 


<i 
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OHM. Unit of electrical resistance. The international ohm is based upon the ohm 
equal to 10° units of resistance of the C. G. S. system of electromagnetic units, and 
“is represented by the resistance offered to an unvarying electric current by a 
column of mercury, at the temperature of melting ice, 14.4521 grams in mass, of a 
constant cross section and of the length of 106.3 centimeters.”’—= 10° E 
= lio S< er 12, Sy UL 

International ohm = 1.01367 B. A. ohms = 1.06292 Siemens’ ohms. 
B. A. ohm 0.98651 international ohms. 
Siemens’ ohm = 0.94080 international ohms. 

PENTANE CANDLE. Photometric standard. See page 260. 

Pl=7=ratio of the circumference of a circle to the diameter = 3.141592653590. 

POUNDAL. The British unit of force. The force which will in one second impart a 
velocity of one foot per second to a mass of one pound. 

RUA EAN | == 1809/m = 57'20578° — 57° 17’ 45" == 206265". 

SECOHM. A unit of self-induction=1 second & 1 ohm. 

THERM = small calorie= (obsolete). 

THERMAL UNIT, BRITISH =the quantity of heat required to warm one pound of 
water at its temperature of maximum density one degree Fahrenheit 252 gram- 
calories. 

VOLT. The unit of electromotive force (E. M. F.). The international volt is “the 
electromotive force that, steadily applied to a conductor whose resistance is one 
international ohm, will produce a current of one international ampere. The value 
of the E. M. F. of the Weston Normal cell is taken as 1.0183 international volts at 
2omGe—- 10. ha Me U.—=1/300 B55. Us Seempage 107. 

VOLT-AMPERE. Equivalent to Watt/Power factor. 

WATT. The unit of electrical power = 10" units of power in the C. G. S. system. It is 
represented sufficiently well for practical use by the work done at the rate of one 

le per second. 
ae aL S< amperes = amperes’ X ohms = volts’/ohms (direct current ar alter- 
nating current with no phase difference). 
For conversion factors see page 197. 
Watts & seconds = Joules. 

WEBER. A name formerly given to the coulomb. ' 

WORK in ergs—=dynes cm. Kinetic energy in ergs== grams X (cm./sec.) */2. 

YEAR. See page 414. . 

Anomalistic year = 365 days, 6 hours, 13 minutes, 48 seconds. 


Sidereal i465 6 9 9.314 ‘e 
Ordinary ade Rai SS wey 46 + 
Tropical “same as the ordinary year. 
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stopping powers “of substances a Go ses 
velocities, initial . . . . ; - 396 
Abbreviations) “2.7. wiles 67s) sh ee ee ee 2 
Aberration constant... w . . « . » 2 « 414 
Absolute units... . 5 E35 
Absolute zero of temperature - Ay oes 3 - 195, 408 
Absorption coefficients: see transmission coef. 
B-rays .. ren 305: 
-Tays + 395 
X-rays + 389 
Acceleration of gravty ........ » 424-426 
Accumulators, voltage . eae ats 
Actinium group of “radioactive “substances G 26 BOS 
Activity, definition ... eae Aimee 435: 
Adaptation, rate of eye . . 6 2 2 6 6 es 8 oe 257 
Adsorption, by charcoal . .... + 407 
bygeties particlesinn 9s tikes) as: + 407 
LAR Oe Wo oaiea, Bia) A é + 407 
Aerodynamical tables . .... 6 150-153 
Agonic line 5 6 tieis 
Air: composition of; variation with alt. and lat. 4 LOM 
density of moist . . + 9 133-835 
densities in air, reduetion to vacuo S73 
“dielectric strength F 0 353 
humidity relative, via v. D. ‘and dry 6 187 
via wet and dry. ... 189 
andexas of refraction) 33. « A 292 
masses .. . 5 aah le 419 
moist, transparency, short N A teute - 419 
long A» 5S Ta en dao sets 
transmission coefficients - 308, 418, 419 
resistance, fluid . Sa 8 ye) ESIKT53 
sparkling potentials for oS 3—354 
thermal conductivity, high tempe ratures 5 5 
thermometer, comparison with sglll . 193 
vapor pressure of water in . : 185-186 
viscosity : 5 164 
wave-lengths in ‘air, reduction to vacuo . 203 
Albedos .. 5 i 8 a0 6h Bo LRG 
Altitudes by barometer Cees tte 145 
by boiling points of water 144 
Alternating current resistances .°. . . ». « « « + 344 
Aluminum: mechanical properties 79-80 
resistivity constants nn 334 
wire-tables, English units 342 
Metric units 5 Bulg) 
228, 232 


Ammonia, latent and specific heats... .. 
Ampere equivalents SMe athaal afc 
Ampere turns . . . 

Angstrom, wave- length “unit c 

Antennae, resistances 


Antilogarithms, std. 4- -place, Dp. 28: & to - Ts é - 30 

Anothecaries) weights’ . +... .« « ¢ oe 
Avesminon, linegy)., 202) > © a -< . 

Astronomical data i + 411-420 

Atmosphere: composition, alt. and lat. ‘var. + 421 

density, altitude variation 5 Ch 

height of . Pe cena a4ee 

homogeneous, height of + 421 

pressure, altitude variation . - 421 

“* Atmosphere ”’: value of pressure unit . 421, 435 

Atmospheric water vapor . 6 185-186 

Atom: Bohr 3 . 401 

Atom, hydrogen: mass, ‘mean free path 3 . 408 

radius, mean velocity . . . 408 

Rutherford Notices tai + AOE 
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Atomic heats, elements at 50° K..... . . 226 
magnetic field . . . « «© « ss = « © 401 
magnitudes (5 4) 0.0) se La fen 4O Ly 40S 
numbers .. Sie wisi Rete 409 
volumes, elements. Sih aaa S Gao es 
weights, international A. Soh OL Ceo odo: Ge Pe 


absorption coefficients . 
absorption Weeauard G 
ions produced by . . . 
velocity Q ‘ 
Balmer series spectrum formula 5 
Bar, definition . a 
Barometer, altitude, variation with 


B-rays, 


Gd 3.6 
93/00. 0] \ete Re 
FY Oo Om oo 


OOO OOO eo 6 


heights, determination of by f 145 

reduction for capillarity . é tas 

to std. gravity : « 138-143 

to std. temperature... . 1378 

Batteries, composition, voltages... ... Bizaoi ae 
Baumé scale, conversion to densities . ..... rot? 
Bessel functions, ist, 2d orders, roots . - 66-0. 
Biaxial crystals, formulae, ++ refractive indices Aes 2e74 
—refractive indices . wes 

Black absorbers, long-\ transparencies. . ... . 97 
Black-body: brightness (photometric) of . . . . . +39 
luminosity of fe Oh Oe eh me 

luminous efficiency of . 57 ae 


Planck’s constant . . . ' € 


radiation, total, for various ‘temp. G P ot 

by wave-lenths, var. temp. a8 

Stefan-Boltzmann constant F . Baa 
-temperature for C, Pt and W . ae 

Bohr atom . . O Bee eon 2 ao 
Boiling points: elements 219 
pressure “effect. . 244 

jnorganie compounds 3-244 

organic compounds. ..... I-55 
fise)ofsqsaltstan) HoOm eines feo 

water,- pressure variation - Lay 

Boltzman gas-constant (ertropy) . ...... . 4c 2 
Bougie decimale . . RAL re Pet 27" 
Break-down voltage, dielectrics ee sata 
Brightnessvolcsky see cmesate te Nee emer a 4107 
of stars... 5 413) 

of sun . ets 260, 413 
temperature ‘of ‘C, ‘Pt and W . oe «= 250 

of various illuminations ; od oe ARG 

of various light sources . . . . . 260-262 

Brinell hardness eee Wallamesr tO 74 
British thermal unit . . . Si wihrak te. :s 435 
British weights and measures 8-11 
Brownian movement . . 406 
Buoyancy correction: of densities | avis 73 
yeielunes wos Go 73 

‘y-function 62 
‘y-rays: absorption | coefficients ° 395 
absorption of 3 397 

ions produced by . . 398 
Cadmium line, red, X of intern. prim. std. 266 
Caleite grating space Per iae 408 
Calibration points for temperatures 4 195 
for thermoelements . . 196 

Calorie, definition . 435 
Canal rays 386 
Candle, energy from 260 
international standard . 260 
meter-candle, foot- eandle c 259 
Capacity of wires for electrical current . 329 
Capacity, specifie inductive: crystals Pye a a Oe 
gases, f(t, p) . . 356-357 

liquids A A MicraiGy/ 

liq. gases 359 

solids F 360 

standard solutions 360 
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ON FIO ps Oi ag Mlaraine OD: int a FG he Crystals: diffracting units, X-rays . + + + + + + 400 
Caccel ee to barometer . Go e 143 elasticity . . : shane 
Cathode rays: 1. 2... cterer neg emyoeney ul aoe refraction indices: alums, quartz: Be On 2k: 
enerey.- Ok ee ie, 3 fluorite, spar . aD 
ae : 386 rock-salt, silvin 7 
penetration depths ae es @ . - + 279 
X-rays, generative eficiency ‘for a7) eg sa als, isotropic . . . . 282 
Cathodic sputtering . ee uniaxial 
Cells: standard, voltages |) 1.1... re (+—) . 284, 285 
Weston normal a ino 33h biaxial 
Weston portable * xiifi : wees) 2 286, 287 
voltaic, ESOS polis ) 312-31 miscel. uniaxial ~ « 285 
Centipoise . . ; . 312-313 a biaxial » dae RSS) 
Giatucherictied ore ee Sse Oi 155 bes of numbers. . . Pe Oe re 
Charcoal, adsorption «by: Reiss 5-3 S7—392 ubical expansion coefficients : gases <a <i ema 
Charge, elementary electrical . . . . Be Boe liquids “wns 
Chemical energy data Ne ae REE 46 | Current : solids 222, 227 
Coals, heats of combustion ve eee urrent measures: absolute units d 
Collision frequenci , ra Ole gS CE equivalents .... . 3 
cai 'd 7 molecules .....- re 309 | Curie, face pa fae aga 308 
olor: eye sensitiveness to. . . .. heed nt and constant, magnetic... . . . 372 
indices of various stars . ; Ae ae Pa cing j - 154 
lights, of various . . a Eae lve Brahe armonics (Bessel) rst and 2nd deg. . 66 
screens ioe na eee pene general formule . 68 
Coa plniencay olor see ee roots...» « « « 08 
oe, temperature of C, Pt and W . 5 on eee Day, length of sidereal . . v 2 
ination, heats of A ese Declination, magnetic: 1 oh igre sp ae 
Combusti h . 245-246 secular change As; 28 
ion, heats’ of: carbon and mise. epds . . . 241 Degree on earth’s surface, length of . oi" Goes 6 
explosives ae Aen Demagnetizing factors fcc <i ee ae 
= sey fuels 1 6 Oe Densities in air, reduction to vacuo once es aaa 
ompressibility: gases Ont EeeaaS Densities: air moist,~xalues of b/760 . : 73 
liquids c 3 alcohol ethyl aqueou: f 133-135 
ie solids A renee : 74 seq aes meth aqueous © 8 oye, ss Women 
iductivity, electrical: see resistivity | 322-332 sae <a ee aa a 
: alloys aqueousgolutions | a e ops 
electrolytic: 4 4 348 - Baumégquivalents . . i 122, 159-163 
equivalent : 349 cane sUS@r, aqueols. ........ 109 
ionic aa . 352 castor Oli a 2k 8 ee 126 
sp. molecular . 347 earth . 1/53 neal 156 
limiting values” eyts elements chemical = ra - 427 
: temp. coefs. 348 ERG on -< a ee ae 
tivity, thermal: alloys, metals . . es glycerol, aqueous Werk Seo Ge Shes 127 
building materials . 3 a inorganic compounds <. “sh aieeeoe 
catty: Tee a 2 insulators, thermal . pra: 
gases... : eee liquids. . 215, 216 
high temp. : mercury, — 10° to” LUG? (on ee Ley 
insulators ye ay minerals . . SRO. Serres Sea 
high temp. 214 organie compounds . . . 3) ae 
liquids. A , ae planets Rie 203 
metals, high temp. Oa solids various... 2... sas 
salt solutions 5 Bae stars eh al ees 113 
ones, num! dd Wale 20s ure 216 mahal aqueous ee i eae =e 
, number and distance apart in e eee sulphuric acid, aque a a . 
Jonstants: mathematical 4 ve i - 258 tin, liquid; tin- Tead Pan . eee 
miscellaneous, atomic, Teens te 3 a3 water, o° to 41° C,—10° A IO as 
Aeon radiation, o, Cy, Co . ‘ : oe brsles woods ‘ 50° oe 120 
REA imanastet Soke he rs ral 3 ers an resolving power ‘of. : a 
Contrast, Sea. genctilyercas ‘fete eae : 314, 316, 404 oo properties . photo. plate. . 463 
onyection, cooling /by ‘ ea! Diameter ee dere temperature effect |. . ae 
Can pressure effect spe neaee Some ae : A ass e 309 
version factpfs: general formulae, see introduction. “| Dielectric create molecules - + 400 
Baumé to densities (sp. inductive capacity) 5e6=36 
horse-power A) erste 4h) on eee 369 
: work-units ae goes 0D) . 6356— 
Cooling of bodies . Hy OY liquids . . a 357 
Copper: mechanical properties Pa Tr es liquefied gases . ahs se 
wire, alternating current resistance . : a pelts " : a 
wire tables, English units : : 344 | Dielectric strength ( andard_ solutions . 360 
metrie units se Dielectrics, volume ae sparking potentials) . 353-355 
Corpusele (Thomson) us 339 Differentials, formate surface resistances . . . . 331 
Corpuseular radiation (X-rays) F 401 Diffusion: aqueous stat ti Et ake 12 
Cosines, circular, natural, (° ’) 387-388 Sacre utions into water. PC De (515 
(radians) 32-36 integral vale 167, 168 
logarithmic, (°’) . a we ionie SP rae 60 
Neenaie Mien (radians) ie es NORTE aS Ml ier 408 
7 , natural 1 ste oh usa 8 ea Bs eee 
Cotancents. circular natural ee 5 eels ears Be thermal . 167, 168 
3 ' 3 32-3 . ew 
(radians) & Dilution, h g 
SHIM oe 37-—40 eat of (Ho 6 
logarithmic, ‘ . fs 32-36 Dimensional ee 804) : iG 
: adians = =) oe elas yo) oi token 
Sdn ysteciteal caurernae logarithmic.” "3747 Diorter Prtasoning De sae a 
i } al equivalents | 70 
eee suet gases . Ok oe 31 Disk, Pee pralue, secular variation | |. fac 
va wave-length 212 of brightnes i Op i) 
g ae Distance earth to moon . ia over sun’s 4x8 
SRL. aa 
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Distance of the stars, nebulae and clusters . . . . 412 
Dyes, transparency of i Sie eas) ts 301 
Dynamical equivalent of thermal unit) 197 
e (base of natural logarithms) . :...... #14 
e (elementary electrical charge) 408 
GUC RS CaP Ghast i Bie See ener men rh aa aioe eee 408 
e*, e-*, and their logarithms r=o to 10 . 48 
w fractional 56 
ex, e-a? T—=0.0) tONg.o 54 
Tv 
~2, —™¢ 
We Ge t=1 to 20 55) 
Vr. Vir 
Cae Gn e a x=1 to 20 55 
eines , = —&* and their logarithms... . . 42 
2 2 
Herth’ atmospheric: datas 065 hha os ew 4ST 
conductivity, thermal CT Reckatecwass es 
degrees on, length of r . 416 
elements, percentage composition 4 5 7B} 
geochemical data . 3 423 
geodetical > 424-427 
moments of inertia. as 427, 
moon, distance of + 414 
rigidity aes » 427 
size of, shape of . 2 6S eye 
spheroid constants . 427 
sun, distance of o cihass 
temperatures - 420, 422 
viscosity 5 Aer 
Efficiency of various lights Akon ns 1262 
Elastic limit (see mechanical properties) 74 
Elastic modulus of rigidity, —temp. variation 100 
Elasticity (see mechanical data) . 6 E 74 
erystals  . ; 102, 103 
Young’s modulus “(see “mechanical prop.) 74 
Electrical charge, elementary . 408 
Electrical equivalents g 3IL 
Electrical units: international star ric ae - XXxvi 
standards . xxxvili 
practical ne .xxxvi 
Electric lights, efficiency of . . 262 
Electric, tribo-, series (frictional) Bere i S22 
Electrochemical equivalents - 345, 346 
silver 5 GAS 
Electrolytic conduction: ammonium acetate f 352 


equivalent conductance 345-346 


hydrolysis 352 
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ionization water mes 52 

solutions 345-346 
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limiting value “ . 348 

temp. coef. 31 348 

Electro-motive force: accumulators 313 
contact 314, 316, 404 

Peltier : eee See 
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pres. effect 320 

voltaic cells + 312-313 
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resonance potentials 3 - 403 
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atomic numbers « 409 
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solids) * 7s s ages - 1 2a7 

true [elements, 1] aoe 225 

vapors .. a SG 230 

water Se aoe 227 

tetal [elements, F(t) ] Sate 225 

treatment of steels . . . ee 76 
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